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INTRODUCTI ON 
Weed control i n  oats  {Avena s ativa L . )  i s  pri nci­
p ly achi eved by post emergence herbi cide app l i cat i ons . 
The two most w ide ly used bei ng the ami ne s al t s  of 2 , 4-D 
and MCPA ( 16). Both 2 , 4 -D ( 2 , 4 -dichlorophenoxy) acet i c  
ac id and MCPA ( 4 -chloro-0-tolyl) oxy a cet i c  acid belong 
t o a c la s s  of compounds known a s  the phenoxy s . Other cQm-
pounds i n  thi s clas s i nc lude 2 , 4 , 5- T  ( 214 , 5-tr i chloro­
phenoxy ) aceti c aci d, 2 , 4-DB 4- ( 2 , 4-di chlorophenoxy) bu­
tyri c acid, and the e ster f ormulations  of 2 , 4 - D  and MCPA 
( 1 6) . The phenoxys are auxi n type growth regu l at or s . 
The cause o f  death from phenoxy compounds i s  be l i eved t o  
b e  the phys i o l ogi cal di s function of the p l ant brought 
about by abnormal growth ( 10 , 1 6 ) . 
MCPA and 2 , 4-D have s imi lar herbi ci dal properti e s ,  
re s i du al t oxi ci ty lengths and human toxi ci t i e s  ( 1 6 ) . One 
area i n  whi ch the chemi cal s are di s simi l ar ,  i s  i n  crop 
tolerance . Oats are more toler ant to  MCPA than t o  2 , 4-D 
( 2 , 7 , 3 1 ) . It has been proven oat s are more sus ceptible 
to 2 , 4-D at certain gr owth st age s than at· other s ,  and some 
variet i e s  appear to be more sus cept ible t o  2 , 4 - D  than 
others ( 2 , 18 , 2 5 , 2 9 , 3 1 ) . Researcher s  have rep orted va­
riet al di f ference s i n  oat s  whe n treated with ei ther 2 , 4- D 
e ster or ami ne ( 2 ) . The di f ference s are u su a l ly much 
gre�ter w i th the e ster appli cati ons . It has a l s o  bee n  
the or i zed that var ietal response to 2 , 4-D may be re lated 
to  the geneti c makeup of e ach var iety ( 2 ) . 
2 
The obj e ctive s  of thi s study.were t o  determi ne the 
response of e leven oat variet i e s  to  2 , 4-D ami ne and MCPA 
ami ne . Al s o ,  to  determi ne i f  v,ar i etal  response to  2 , 4-D 
is re l ated t o  the geneti c makeup of the var iet ie s .  
L ITERATURE REVIEW 
South Dakot a i s  a maj or oat s  produci ng state . In 
1 984 it ranked number one i n  the nat i on with a product i on 
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of 8 6 , 8 0 0 , 0 0 0  bu she ls  of oat s (32 ) . Of thi s, about 1 0- 15% 
i s  sold to r ace horse feed packers and mi l le r s  ( 1 3 ) .  Both 
of the se industr i e s  want good quality, high te s t  we ight 
oat s . To grow thi s high quality oat, a pr oducer must imple­
ment a good weed control pr ogr am.  Of the 1 . 5  mi l l i on acres 
of oat s grown i n  South Dakot a in 1 984 ( 3 2) ,  an e stimated 
40% use s ome type of chemi cal weed control . 
The mo st wide ly used herb i c i de on oat s i s  2 , 4 -D 
amine ( 16). In 19 4 2  Zimmerman and Hi t chcock f i r s t  de s cr ibed 
the use of 2 , 4-D as a p l ant growth regulat or ( 2 1) .  In 
1 9 4 3  it was di s covered 2,4-D was capable of se lective ly 
ki l l ing certain p lant s ( 21) . Thi s di s cove ry was e s sentially 
the beg i nni ng of the chemi cal weed control revoluti on .  
The mode of act i on of 2 , 4-D invo lve s three phase s ;  
a rapid i ndu ct i on phase ( 0  to 2 days ) when i on ab s orpt i on 
and photosynthe si s are acce lerated ; a redi s t r ibut i on phase 
( 2  to 7 days ) when growth of the axi s  i s  acce ler ated at the 
expense of leaf t i s sue ; a final sene s cence- col l ap se ( 7  t o  
1 0 days ) ( 1 0 ) . The chemi cal concentr ate s i n  rapidly grow­
i ng young embryoni c or meri stemati c ti s sue s . The se ti s sue s 
are affe cted more than i nactive or mature ti s sue s ( 1 6 ) . 
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Thu s ,  the stage of deve lopment of the pl ant di rectly i nf lu­
ence s i t s  su s cept ibi lity to 2 , 4-D.  Plant s treated dur i ng 
growth stage s with high meri stemati c activity are gener­
ally �ost su s ceptible ( 1 ) . 
2 , 4 - D  may enter the p lant thr ough the r oot s or by 
foli ar abs orpt i on ( 16 ) . Two f actor s affe cti ng the ab-
sorpt i on and t r ans locat i on of 2 , 4-D are temperatur e  and 
humi di ty, i ncre as i ng e ither gener al ly resu l t s  i n  i ncreased 
penetrat i on by �, 4-D (20 ) . Pal las (20 ) , u s i ng c
1 4 
labe l led 2 , 4 - D, found at lower humidi t i e s  ( 3 4- 4 8% ) , les s 
2 , 4 - D  was abs orbed and tr ans located than at higher humi di­
t ie s  (7 0- 7 4% ) . Also,  by i ncreasi ng temper ature s ,  absorp­
t i on and tr ans locat i on were i ncreased . Clor et al . ( 3 )  
usi ng cotton seedling s ,  reported under normal c ondi ti ons 
the trans locati on of 2 , 4-D was mai nly downw ard t o  the 
root s with s ome movement vi a the phloem to the shoot tip 
and young leave s .  However ,  when the p lant s were tre ated 
under very high humidity, the trans locat i on pattern 
changed . The 2 , 4- D moved i nto the roots as we l l  as  ma­
ture and young le ave s ,  i ndi cating transport vi a phloem 
and xylem . 
MCPA i s  ne ar ly i denti cal to 2 , 4-D i n  mole cu l ar 
formu la and has s imi lar herbi ci dal properti e s  ( 16 ) .  How­
ever there are di fference s between the herbi cide s . Both 
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chemi cal s e f f e ctive ly control wi ld must ard ( Br as s i ca kaber 
L . ) ,  l ambsquarter ( Chenopodium album L . ) ,  Rus s i an pigweed 
(Axyr i s  amarantoide s  L . ) ,  and bal l mu st ard ( Ne s l i a  pani ­
cul at a  L . ) ( 9 ) . However , MCPA give s  better control of 
hemp nett le (Galeopsi s tetrahit L . ) than 2,4-D ( 9 ) . MCPA 
i s  les s e f f e ctive at contro l l i ng Rus s i an thi s t le ( Salsola 
kal i  L . ) and redroot pigweed (Arnar anthu s retrof lexus  L . ) 
( 9 )  along with several other broadleaf weeds and most 
larger weeds when used at l ow rates ( 9 , 3 1 ) . 
2 , 4-D may be u sed on a wide r ange of cr op s  su ch as 
bar ley (Hordeum vulgare L . ) ,  corn (Ze a  mays L . ) ,  oat s ,  
r i ce ( Oryz a  s ativa L . ) ,  rye ( Se cale cere ale L . ) ,  s orghum 
( Sorghum bi color L . ) ,  sugar cane ( Saccharum of f i ci narum L . ) 
and wheat ( Tri ti cum ae stivum L . ) as we l l  as pasture s and 
range l�nds ( 1 ) . Used i n  low concentr ati ons i t  serve s as a 
growth regu l ator to  reduce fruit drop and i ncre ase  fru i t  
s i ze ( 1 6 ) . MCPA has been used f or weed control i n  smal l  
grai ns,  p asture s , _ f l ax (Linum usi tatiss imum L . ) and peas 
( Pi sum s ativum L . ) ( 16 ) .  MCPA can also be used at low 
rate s to control weeds i n  oat s under seeded with a legume 
( 3 1 ) . MCPA i s  more expensive than 2 , 4-D and l arger 
quant i t i e s  are usually needed for good weed control ( 1 6 ) . 
Some crop s  such as oat s ,  are gener ally more t o ler ant to  
MCPA than 2 , 4 - D  ( 2,9 , 1 6,3 1 ) ,  although there ha s been 
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reported case s of MCPA causing i nj ury ( 2 , 7 ) . There are 
also di f ferences between the e ster and ami ne f ormulati ons 
of 2 ,  4-D . While 2 ,  4-D e ster give s  better weed contr_ol 
than 2 , 4-D amine , it also  can re sult i n  more crop i nj ury . 
I n  genera l ,  o at s  are more tolerant to  2 , 4-D ami ne than 
2 , 4-D ester , however , 2 , 4-D ami ne can al s o  cau s e  i nj ury to 
oat s ( 2 ) . 
Many studi e s  have i ndi cated 2 , 4-D can cau se i nj ury 
to the crop when spr ayed dur i ng certai n growth stage s .  
Be s i de s  herbi cide r ate s ,  stage of growth i s  the most im­
portant s i ng le fact or affect i ng 2 , 4-D i nj ury ( 4 ) . Ol s on 
et al . ( 19 ) , studyi ng the effect of 2 , 4-D on b ar ley, found 
it to be most su s ceptible to 2 , 4-D treatment duri ng two 
growth stage s .  The first i s  the e ar ly seed l i ng st age when 
the p l ant s are one to  five i nche s tall  (two-to-f i ve leaf 
stage ) . Thi s i s  the time pe�i od when the di f ferent i�t i on 
of _the sp i ke i n  the growi ng poi nt t ake s pl ace . The other 
sus ceptible growth per i od is from l ate boot up u nt i l 
he adi ng . Johanson and Mu zik ( 1 4 )  app l i ed 2 , 4-D ami n� to  
six whe at var iet i e s  at several di f ferent growth s t age s . 
They too determi ned the seedling and ear ly f l oweri ng 
stage s to  be mo st su s ceptible . Furthermore ,  they stated 
part of the decrease i n  yie ld may be a result of damage to  
the r oot s . 2 , 4-D st imu l ated ce l l  divi s i on and di ffer­
ent i at i on of the l ateral root s but i nhibited e l ong at i on 
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of  those root s . Hoshaw and Gaurd ( 1 1 )  also  f ound root ab­
normalit i e s  i n  whe at f o l l ow i ng app licat i on of 2 , 4 - D .  
Whi le 2 , 4-D has been proven to  adve r s e ly affe ct 
certain crops , it  a l so affect s variet i e s  dif feren t ly . Since 
there i s  so much genetic var i abi lity in small gr ai n  va­
rieti e s ,  one would expe ct a cons iderable amount of var i a­
bi lity i n  tolerance leve l s  ( 2 2 ) . Der sche i d  et a l . ( 4 ) , 
usi ng three 2 , 4-D f ormu l at i ons at f our growth stage s , : re­
ported b ar ley var iet ies re sponded di f ferent ly to the 
appli cat i ons of 2 , 4 -D.  He found s ome variet i e s  t o  be mu ch 
more sus ceptible than other s .  Pri ce and Kli ngman ( 2 2 ) ,  
usi ng twe nty seven wi nter whe at varieti e s  treated wi th two 
rate s of 2 , 4 - D  ami ne reported re sult s s imi lar t o  
Ders che i d's bar ley study . Of the twe nty seven var iet i e s ,  
three had n o  yie ld reducti ons by e i ther tre atment , _ e leven 
varieties  had good toler ance , ten had yie lds reduced by 
the higher rate but were tolerant to the lower r�te , and 
four var i et i e s  were sus cept ible to both r ates  of 2 , 4 - D .  
Thi s study i ndi cates there .are varyi ng degrees  of t oler­
ance t o  2 , 4 - D .  As stated bef ore, thi s may be due to  the 
l arge genet i c  var i abi lity i n  small grai n var i et ie s . How­
eve r ,  sma l l  grai ns are not the only crop t o  have d i ffer­
ent i al re sp onse s by var i etie s . Ros sman and St ani f orth 
( 2 4 ) reported s ome i nbred line s  of corn to be more sus­
ceptib le to  2 , 4 - D  than others . Elder ( 6 )  found a 
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de f i ni te di f ferent i al response in  sorghum var i eti e s . Al so,  
s ome f lax var i et i e s are s light ly more tolerant to  2 , 4-D 
than other var i et i e s  ( 2 9 ) . 
Oat s i s  another crop whi ch i n  the p ast has been 
found to  re spond di fferenti al ly to  2 , 4-D at the var i etal 
leve l . Us i ng a butyl e ster , an alkanol ami ne and a mono­
hydrate s odium s alt of 2 , 4-D, Der s che id et al . { 5 ) , looked 
at the var i et al r e sponse of ni ne oat var i et ie s . They re­
ported a varyi ng leve l of tolerance by the var i et i e s . 
Some var i eti e s  had yie ld reducti ons of 1 5 - 2 0% .  The butyl 
e ster f ormu l at i on was more toxi c to the oat s than were the 
salt s .  Simi l ar results were reported by Arnold and Auch 
{ 2 ) u s i ng 2 , 4 - D  and MCPA on oat varieti e s . They rep orted 
signi f i cant di f ferent i al var ietal re sponse s .  Pri ce and 
Kli ngman { 2 2 ) sprayed oat s wi th 0 . 58 kg/ha of 2 , 4-D ami ne 
duri ng the e ar ly t i l leri ng stage of growth, and rep orted 
varietal di f ference s in yie ld reduct i ons . 
It i s  evident 2 , 4-D can reduce yi e lds of s ome cr op s  
and s ome vari eti e s ,  but 2 , 4-D a l s o  cau s e s  other phy s i o­
logi cal and morphologi cal change s .  Der s cheid et al . { 5 ) 
looked at the e f f e ct of 2 , 4-D ami ne on y� eld component s 
of oat s . It was determi ned oat varieti e s  having yi eld 
reducti ons a l s o  had a signi fi cant reducti on in  the number 
of seeds per pani cle . Wi th a reducti on i n  the number of 
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seeds per p ani c le ,  the average seed s i ze tended t o  i ncre ase . 
Thi s sugge sts  the redu ction i n  yi eld caused by 2 , 4-D treat­
ment i s  a resu lt of a reduct i on i n  seed number s  and riot a 
re sult of sma l ler seeds . Yie ld i n  oat s  i s  c l os ely as soci ­
ated with the number of seeds per p ani cle (5 ) .  2 , 4-D al so 
can cause a redu ction in the number of spi klets per pani cle 
i n  some oat var i e t i e s  (2 ) �  
Ti l leri ng i s  another p lant funct i on af fe cted by 
2 , 4-D.  Spr aying with 2 , 4-D e ster can i ncre ase the amount 
of ti l le r i ng by an oat p l ant (2 , 5 ) . However ,  even with an 
increase i n  the amount of t i l leri ng ,  yi e lds may s t i ll be 
redu ced (2 ) .  
Di f ferent i al varietal re sponses are a l s o  evident 
in vi sual i nj ury and p l ant malf ormi t i e s  (2 , 5 , 8 , 1 6, 1 8,2 2 ) . 
Some of the more common i nj ur i e s  i nc lude tubul ar or oni on­
like leave s (2 , 5 , 8 , 18 , 2 2 ) , multip le p ani cle s ,  root di s­
tort i on s ,  p arti a l ly b l as ted pani cle s ,  and c lu stered p ani­
cle s  (8 , 1 7 , 18 ) • . Depe nding on the severi ty o f  the p l ant 
i nj ury, there may or may not be yield reduct i ons . 
Whi le numerous studi e s  have been done on 2 , 4-D and 
its  af fe ct on smal l  gr ai ns ,  MCPA has been studied much 
less . There are sti l l many unanswered que sti ons about 
both MCPA and 2 , 4-D.  Little  is  known about whether or  not 
small grai ns can p as� on 2 , 4- D sus cept ibili ty to f o l l owi ng 
1 0 
generat i ons . The obj e ct ive s  of thi s study were : 1) de­
termi ne whether oat var i et i e s  economi cal ly imp ort ant t o  
South Dakot a g ave a di fferent i al response t o  2 , 4 - D  ami ne 
and MCPA ami ne tre atment s .  2 )  determi ne the e f f e ct of 
2�4- D  ami ne and MCPA ami ne on yield component s ,  ru st , 
number of t i l ler s per meter and the ir corr e l at i on t o  y�e ld . 
3 )  determi ne the extent geneti c  f actors i nf luence the 
tolerance of oat var i et i e s  to 2 , 4-D ami ne and MCPA ami ne . 
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MATERIALS AND METHODS 
Fie ld studie s  were condu cted i n  1984  and 1 9 8 5  on 
the Agronomy Farm at Brooki ng s ,  South Dakot a,  the North­
e ast Re se ar ch St ati on near Watertown, South Dakot a and the 
Southe ast Experiment Stat i on ne ar Centervi lle , South 
Dakot a .  The s o i l  a t  the Brooki ng s l o cati on w a s  a Vi enna 
s i lt loam . The Watertown p lot s were on a Brooki ng s s i lty 
clay loam, and the Centervi l le locati on was an Egan s i lty 
clay loam .  Soi l analysi s  f or the Watertown and Brooki ngs 
locati ons i n  1985 are found i n  Appendix 1 . 
Eleven varieti e s  were used . Var i ety de s cr ipti ons 
and pedigree s are shown in Table 1 . In 1 98 4 ,  the var i eti e s  
used were Burnett , Chi e f ,  Cli ntland 6 4 ,  Gar l and, L ancer,  
Moore ,  Noble ,  Nodaway 7 0 ,  Og le and Porter . In  1 9 8 5 , the 
variety Ke l ly rep laced Gar l and . The experiment al de s ign 
was a randomi zed comp lete block with four rep li cat i on s  per 
treatment . Tre atment s consi sted of 0 ,  0 . 2 8 ,  0 . 5 6 and 0 . 8 4 
kg ai/ha of 2 , 4 - D  ami ne , and 0 . 5 6  kg ai/ha of MCPA ami ne . 
The p l ot s  were kept weed free by handweedi ng . 
In each year , 10 0  kg/ha of seed was dr i l led t o  a 
depth of 3 . 8  em ( 1 . 5  i nche s ) . Each plot consi sted of two 
row s ,  0 . 3 m ( one f oot ) apart and 4 . 2 7 m ( 14 feet ) long . 
Every sixth p l ot was p l anted to the var iety St out as a 
border to prevent over l appi ng of spr�y tre atment s .  After 
Table 1 . De s cripti on and pedigree s of oat variet i e s  tre ated w i th 2 , 4 - D  ami ne and 
MCPA ami ne . 
Matur ity 
Variety Clas s i f i cat i on 
vEurnett Medium 
vChief Medium 
Cl int l and 64 Medium 
·Gar land Medium 
Ke l ly Ear ly 
Lancer Medium 
Moore Late 
Nob le Medium 
Nodaway 7 0  Ear ly 





Ye l low 
Ye l low 




Ye l low 
Whi te 
Ye l low 
·Whi te 
Pedigree 
Vi ctor i a//Haji r a/Banner/3/Colorado 
Cl i nt l and 6 4/Gar land 
Clint l and*S/5/Landhafer/3/Mi ndo//Haji r a/ 
Joanette/4/Andrew/6/Cl i nt l and//Grey/Alger i an 
Cl i nt l and/3/Garry//Hawkeye/Vi ct or i a  
Dal/Nodaway 7 0  
Ne al/Cli nt l and 5 9  
Lodi/B6 5 B 1 2 8 6//Lodi 
comp lex ( improved Tippe canoe i nvolvi ng 1 2 
l i ne s ) 
Colurnbi a/Mari on/4/Vi ctori a//Haji r a/Banner/3 
/Vi ct ori a/Haji r a//Roxt on 
Br ave//Tyler/Egdolon 2 3  





the oat s  had headed, the row s  were shortened t o  3 . 66 m 
( 1 2 feet ) . At Watertown i n  1 98� and 1 98 5 ,  herb i c i de s  were 
app l ied when the oat s were in th� three-to- four leaf stage. 
However ,  i n  1 985 , at the Centervi lle and Brooki ng s loc-
ati ons , f ive days of cont i nuous high wi nds prevented 
spr ayi ng unt i l the oat s were in  the 5 �- t o- 6  le af s t age . 
Therefore,  the Watert own plot s spr ayed duri ng the three-
t o- f our leaf stage are di s cu s sed seperate ly from the 
Centervi l le and Brooki ng s locati ons whi ch were tre ated 
whi le the o at s  were i n  the 5 �-to- 6 le af s t age . When de-
terrni ni ng leaf st age s ,  e ach leaf of the mai n cu lm was 
counted as  one leaf . Leave s  were not counted unt i l the 
col l ar of the leaf was vi sible without tear i ng the p l ant . 
Ti l ler s were not counted as a le af . Condi ti ons at t ime of 
spr ayi ng ,  along with dates  of pl anti ng are shown in ap-
pendix 2 .  A bi cycle-mounted spr ayer was u sed t o  app ly 
both herbi cide s . The herbi c i des were applied i n  1 8 7  l/ha 
of water at 2 6  x 1 0
4 Pa . ( 3 8  p si ) . 8 0 0 2  Tee Jet nozzles  
were u sed at  a he ight of 4 5 . 7  em ( 18 i nche s ) above the 
tops of the oat p lant s . 
Plant hei ght was t aken by e s timati ng the average 
height of the ent i re p l ot . Thi s was accompli shed by 
holdi ng a str aight b amboo sti ck acr o s s  the p l ot at the 
e stimated average height , and recordi ng the height me asure-
ment where the b amboo t ouched a calibr ated st i ck . 
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The headi ng date was also t aken . When one-half of 
the p ani c le s  in the p lot were one-hal f emerged, the pl�t 
was cons i dered he aded and the date recorded . To determi ne 
the effect of 2 , 4 - D  ami ne and MCPA ami ne on straw strength, 
per cent l odgi ng w as evaluated . The per cent of the p l ant s 
i n  the p l ot whi ch were lodged was re corded . The lodg i ng 
readi ng s were t aken after he adi ng • . Ru st not e s  were t aken 
to see i f  the herbi cide s  have an effe ct on cr own rus t . 
The Cobb•s modi f i ed s cale was used . The s cale aids i n  
determi ni ng the percent of the leaf are a  whi ch i s  covered 
by rust pustule s .  The ru st readi ngs were t aken be f ore the 
lower leave s of the oat p l ant began t o  ye l low and whi le 
the rust was sti l l  in the uridiospore stage . 
After the oat p l ant s were ful ly mature and the 
pani c l e s  dry,  two 0 .3 m ( one foot ) sub s amp l e s  were cut 
from e ach plot . The two sub s amp le s  came from di f ferent 
rows and opposite ends of the plot . From the se , yie ld 
component s and the number of seed be ar i ng p ani c le s were 
determined . Ten p ani cle s per subs amp le ( twenty head s  per 
p lot ) were 
,
i ndivi dually thre shed in a head thre sher . The 
seeds were then hand counted and we ighed to det e rmi ne the 
number and we ight o f  the seeds in each pani cle . The aver­
age seed wei ght w as determi ned by dividi ng the we i ght of 
the seeds by the number of seeds . The 10 0 0  seed weight 
w as calculated by mult ip lyi ng the average seed wei ght of 
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the p l ot by 10 00 .  In 1 9 8 4 the number of grai n produ ci ng 
p ani cle s  per 0 . 3 m ( one f oot ) subsamp le were counted . In 
1 98 5 ,  the grain produci ng pani cles in a one meter length 
of row from e ach p lot were counted . 
The plot s  were harve sted u s i ng a Suzue bi nder and 
a mids i zed Vogel thre sher . A£ter cut t i ng and bi ndi ng a 
-p lot with the Su zue binder , the bundles were t agged and 
l ai d  acr o s s  the stubb le to dry . Once dry,  the bundle s 
were thre shed in  the Voge l thresher . The gr ain was  
weighed f or yi e ld ,  cle aned and test weighed . The St a­
t i sti cal Analysi s Sys tem (SAS ) p ackage was u sed to perf orm 
the stat i sti c al analysi s .  Means of herbi cide r at e s  were 
separ ated wi t� the Waller-Duncan test . 
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RESULTS AND DI SCUSSION 
The o at v ar i et i es exhibi ted di ffer ent toler ances 
to 2 , 4 - D  ami ne and MCPA ami ne at a l l  l oc at i on s , i n  both 
year s .  However i n  1 9 8 4 , due to impr oper spr ayi ng at 
Centervi lle, and herbi ci de c arryover at Brooki ng s ,  t he dat a 
of these loc at i ons w a s  d i s carded .  
YIELD 
2 ,4 - D  ami ne 
Gr ai n yi eld i s  the most  i mportant p ar ameter .i n 
thi s study . Treatment w i th 2 , 4 - D  at the three- t o- f our leaf 
stage res ulted i n  d i fferent i al response i n  yi eld. 2 , 4 - D  
ami ne a t  the 0 . 2 8 kg ai/ha r ate d i d  not s igni f i cantly re­
duce gra i n  yi elds of any var i ety . However , the 0 . 5 6 kg 
a i/ha r ate s igni f i cantly reduced the yi eld of the v ar i ety 
Lancer by 7 and 9% i n  19 8 4  and 1 98 5 respect i vely ( Table 2 ) . 
No other v ar i ety had s t at i s t i ca l ly s igni f i cant yi el d  r e­
duct i ons at thi s r ate.  At the 0 . 8 4 kg ai/ha r ate of 2 , 4 -D 
ami ne, the yi eld s of Gar l and ,  Kelly,  Lancer and Nod away 7 0  
were s igni f i cantly reduced . Whi le the yi eld of s ome v ar­
i et i es was reduced by 2 , 4 - D, other v ar i et i es responded to 
treatment w i th yields equal to or slight l y  greater than 
the contro l s . The v ar i et i es Moore and Porter both c on­
s i st antly had 2, 4 - D  treated p l ot s yi eldi ng s l ight ly higher 
than the contr ol p lot s ( Appendi x  3) . The di fferences were 
Table 2 .  Percent yie ld reduct i ons of oat var i et i es tre ated �ith 2 , 4 - D  ami ne and 
MCPA ami ne . Reduct i ons are expre s sed as  a per cent of the control .  
Watert o�n ( 1984 ) 
Burnett Chi ef ·Cl i nt l and 6 4  Gar land Kelly 
kgiha % % % % % 
0 . 28 +1 +1  +6 - 6  
2 , 4 - D  0 . 5 6 +2 +8 +6 - 2  
0 . 8 4 - 6  0 0 - 9 
MCPA 0 . 5 6  +3 +5 +5 - 3  
Watert o�n �198 5 ) 
0 . 2 8 - 7 +3 0 - - - 4  
2, 4 - D  0 . 5 6 +1 0 - 1 3  - - - 5  
0 . 8 4 - 5  +4 - 1 2 - - - 7 
MCPA 0 . 5 6 - 5  +5 - 5 - - - 7  
Centerv i l le �1985 ) 
0 . 2 8 - 2 3  - 1 4 - 10 -- -2 4 
2 , 4-D 0 . 5 6 - 3 2  - 2 4  - 2 1 - - - 2 3  
0 . 84 - 3 2 - 2 7  - 3 2  - - - 2 9  
MCPA 0 . 5 6 +6 - 8  - 4  -- - 1 2 
Brooki ngs ( 1985 � 
0 . 28 - 1 1  - 1 1  - 4  - - - 18 
2 , 4 - D  0 . 5 6 - 2 4  - 2 1  - 2 2  - - - 2 6  
0 . 8 4 - 3 1 - 2 5  - 2 4  - - - 3 2  
MCPA 0 . 5 6  - 2  - 4  + 1  - - - 7  
t--& 
......] 
Table 2 ( con't ) . Per cent yi eld reduct i ons of oat variet i e s  treated w i th 2 , 4 - D  
ami ne and MCPA ami ne. Reduct i ons are expre s sed as  a per cent of 
the control. 
Watertown (198 4 ) 
rate Lancer Moore Noble Nodaway 7 0 1 � Por ter  
kgiha % % % % % % 
0 . 28 - 6  +1  +3 -- 0 +5 
2 , 4 - D  0 . 5 6 -7 +6 - 2  - - + 1  +4 
0 . 8 4 -8 +5 - 6  - - +2 0 
MCPA 0 . 5 6 - 5  +4 -7  -- 0 - 13 
Watertown ( 198 5 )  
0 . 2 8 - 3  + 1  +2 - 1 - 2  +3 
2 , 4-D 0 . 5 6 - 9  +1 - 2  +2 +2 +2 
0 . 8 4 - 13 +1 - 4  - 7  0 + 1  
MCPA 0 . 5 6 - 9  +1 +4 -3 + 1  - 6  
Ce ntervi lle ( 1985 ) 
0 . 28 - 10 0 - 6  - 2 0 0 - 6 
2 , 4 - D  0 . 5 6 - 13 0 - 10 - 2 4 + 1  - 13 
0 . 8 4 - 2 5  - 3  -2 1  - 2 9  - 8  - 2 0 
MCPA 0 . 5 6 - 3  +9 - 3  - 8  0 - 6  
Brooki ngs �1985 ) 
0 . 2 8 - 8 - 9  - 5  - 7  - 3  +6 
2 ,  4- D 0 . 5 6 - 19 -11 - 18 - 2 0 - 9 0 
0 . 8 4 - 2 6  - 1 4 - 3 4  -2 9 - 13 - 5  
MCPA 0 . 5 6 - 3  - 5 -9 +9 - 4 +5 
1 the Nodaway 7 0  plot s at Watertown i n  1 984  were damaged by ground squi rrels . ..... 
00 
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nons igni f i cant , yet they indi cate Moore and Porter are 
tolerant to 2 , 4-D.  The yie ld of  Ogle also tended t o  i n­
cre ase s li ght ly or remain equal to the control . The v ar­
ietie s  in thi s study can be clas si f i ed by the i r  t ole r ance 
to 2, 4-D ami ne . Lancer would be sus ceptib le t o  2 , 4-D as 
i nd i cated by i t s  s igni f i cant reduct ion in yie ld at the 
0 . 5 6 kg ai/ha rate . Gar land ,  Ke l ly and Nodaway 70 are 
s l ight ly su s ceptible as the ir  yie lds were s igni f i cant ly 
redu ced at the 0 . 8 4 kg ai/ha rate . Burnett , Chi e f ,  
Cl i ntl and 64  and Nob le are s omewhat tolerant s i nce 2 , 4-D 
reduced the i r  yi e lds s l ightly but not s igni fi cant ly . 
Moore, Porter and Ogle are tolerant to 2 , 4-D ami ne due to 
yie ld s  whi ch equal led or surp as sed the contro l s  for a l l  
rates . Thi s c l as s i f icat i on di ffers from a n  e ar l ie r  study 
whi ch rated Gar land as having good tolerance t o  2 , 4 -D 
( 2 8 ) . Howeve r ,  our study agree s with a study by Str i t z ke 
( 27) , who reported Cl i nt l and 64 as having intermedi ate 
tolerance . The se reduct i ons are the re sult of sprayi ng 
2 , 4 - D  ami ne when the oat s are i n  the re commended three­
to- four leaf stage of deve lopment . Tre atme nt dur i ng thi s 
stage usually g ive s  better weed control ( 3 2 ) , and w i l l  
re sult i n  le s s  i njury than i f  the oat s are sprayed dur i ng 
the five-to- s ix le af stage ( 27, 2 8 ) . According t o  Strit zke 
( 27) , who app l i ed 2 , 4 - D  e ster t o  seve ral oat v ar i et i e s, 
the mo st sus ceptible st age of deve lopment i s  the five -to-
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s ix le af stage ( 2 7 ) . A t  the five le af stage , the p anicle 
of most variet i e s is about one i nch above gr ound leve l 
withi n the p l ant . A di s sected p l ant wi l l  have empty 
glume s begi nning to appe ar ( 9 ) . The undeve loped p anicle 
would be in an area of high mer i stematic act i vi t y .  2 , 4-D 
concentrate s i n  are as of high meri stematic act i v i ty ( 1),  
thu s tre atment duri ng thi s time may re sult in i ncre ased 
injury . 
In thi s study , tre atment dur i ng the 5 �- t o- 6  le af 
stage re sulted in s igni f icant ly higher yi e ld l o s s e s  by 
some varietie s whi le the yi e lds of other var i eti e s  were 
reduced very l i tt le if at all (Appendix 4) . In general, 
those varie t i e s  which were clas si fied as tolerant to 2 , 4-D 
tre atme nt duri ng the three- to- f our leaf stage, were al s o  
somewhat to ler ant to tre atment at the 5�-to- 6  leaf stage . 
The yi e lds of Moore and Og le were reduced by the 0 . 5 6 and 
0 . 84 kg ai/ha tre atment s  of 2 , 4-D at Br ooki ng s . However , 
the yields of Moore and Og le at Centervi l le ,  al ong w ith 
Porter at Brooki ng s were not s igni ficant ly reduced by any 
rate of 2 , 4- D .  C l i nt l and 64 at the 0 . 28 kg ai/ha rate w a s  
the only other var iety which d i d  not exper ience a s ig­
ni f icant yi e ld reduct i on .  Those variet i e s  which were 
clas s i f i ed as having i ntermedi ate to fair toler ance or as  
be ing su sceptib le t o  2 , 4-D at the three-to- four leaf 
stage , were ge ner a l ly very suscept ible when tre ated at the 
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5 �- t o-6 le af s t age. L ancer , whi ch w a s  the o nly v ar ie t y  
t o  have i t s  yi e ld s igni f i cantly redu ced b y  the 0 . 5 6  kg 
a i /ha r at e  at the three- t o-f our le af s t age app l i c at i on ,  
had a 1 6% yie ld redu ct i on a t  the 5 �-to-6 le af s t age 
tre atme nt (Table 2 ) . The yie lds of Burnett , Chi e f ,  Cli nt­
land 6 4 , Kelly and Nodaw ay 7 0  treated w i th the 0 . 5 6 kg 
ai /ha r ate had l os se s  r angi ng from 2 2  to 29% .  Exc l udi ng 
Ogle , Moore and P ort e r , the yie ld redu cti ons  of all other 
var i et ie s ,  when tre ated w i th the 0. 8 4  kg a i /ha r at e  of 
2 , 4-D, r anged f r om 26 to 3 1%. As the r ate of 2 , 4-D i n­
crea sed,  the yie ld s  of all v ar i et i e s  de creased. A com­
p ar i son of the yie ld redu ct i ons  of ni ne var i e t ie s  at all 
loc at i ons  acros s the thr e e  r ate s of 2 , 4 -D, are i n  Figure s 
1 , 2  and 3 .  
MCPA 
Whi le there are studie s report i ng di fferent i al 
v ar i e t al re spons e s  of oat s t o  2 , 4-D ami ne , few s tudi e s  
have found MCPA to c au se yie ld reduct i ons i n  oat s .  Arno ld 
and Auch ( 2 ) , worki ng w i th MCPA on the oat var i e t y  Garland 
s aw s igni f i c ant vi sual i njur y  cons i st i ng of d i s colored 
tubular le ave s .  Howeve r , they reported no s igni f i c ant 
yield redu ct i ons.  Everett (7) , s tudi ed the e f fe ct of 
several formu l at i ons  of MCPA on an e arly and a l at e  matur­
i ng oat v ar ie ty. The oat s were tre ated when s ix i nche s 
tal l  ( le af s t age was not i ndi cated) . He repor t e d  s e r i ous 
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Figure 1 . The e f fe ct of three rates of 2,4- D ami ne on the 
yi e lds of Lancer, Nob le and Chi ef  i n  f our 
tr i al s . Reduct i ons are expre s sed as a per cent 
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Figure 2 .  The e f f e ct of three rates of 2 , 4-D ami ne on the 
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Three- to- four leaf treatment 
---- -= Watertown ( 1 984)  
5�- t o- 6  leaf treatment 
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----------= Watert own ( 1 985)  ------ Brooki ngs 
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Figure 3 .  The ef fect of three rate s of 2 , 4-D ami ne on the 
yi elds of Ogle , Porter and Burnett i n  f our 
tr i al s . Reduct i ons are expres sed as  a per ce nt 
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· yield reduct i ons i n  the ear ly matur i ng var iety when trea:ted 
with an ami ne f ormulat i on of MCPA. The late maturi ng oat 
experienced no yield reducti on .  He theorized that i n  the 
early matur i ng var i ety, morphologi cal development of the 
flower proceeded faster than the he i ght of the plant s s o  
the floret s were i n  a sus ceptible stage . 
In thi s study, when treated at the three- t o- f our 
le af s tage w i th MCPA, all varieti e s  except three tended to 
have yields equal t o  or greater than the controls (Tab le 2 
and Appendix 3) . The yield of Porter was s igni f i cantly 
reduced by MCPA ami ne i n  both 1 984 and 1 9 8 5 . In 1 9 8 5 , 
Ke lly and Lancer al s o  had s igni f i cant yield reduct i ons . 
These re sult s di ffer somewhat from Everett's . Everett re­
ported only the ear ly maturi ng variety had a yie ld reduct­
i on,  while in this s tudy the yie lds of an early, a .medi um 
and a late matur i ng var i ety were de cre ased . 
The results of MCPA treatment during the 5�-to- 6 
leaf stage were si milar to those tre ated dur i ng the three­
to- f our le af st age ( Table 2) . Agai n ,  the yi eld of Porter 
was s igni fi cant ly reduced,  however only at Centerville and 
not at Br ooki ng s .  Ke lly had s igni fi cant yield reduct i on s  
b y  MCPA at both locat i ons . Al l other varieti e s  had no 
signi f i cant di fference s . 
An import ant compari son to make, from an oat pro­
ducer s st andpoint , i s  one be tween the recommended rate s 
2 6  
o f  2 , 4- D and MCPA. In thi s s tudy#. there were no s igni fi­
cant di fferences in  yi eld between the 0 . 5 6 kg ai/ha rates  
of 2 , 4-D and MCPA when applied dur i ng the three- t o- four 
leaf s tage , w i th one excepti on, Porter . In b oth year s the 
yie ld of Porter was s igni f i cant ly higher when sprayed w i th 
2 , 4 - D  as  compared t o  MCPA. However , when compar i ng the 
0 . 5 6 kg ai/ha rat e s  of· 2 , 4- D  and MCPA at the 5 �- t o- 6  leaf 
stage , MCPA caused far fewer yie ld reduct i ons than 2 , 4 - D .  
In thi s s tudy, all  var i et ie s  with the excepti on of Ogle , 
had s igni f i cant ly higher yi elds when treated duri ng the 
5�-to- 6 leaf stage with MCPA as compared t o  2 , 4 - D. Thi s 
i s  due to the chemi cal direct ly affecti ng the oat p lant 
and not due to the weed contro l l i ng capabi l i t i es of each 
chemi cal . 
Past studie s  have i ndi cated the ri sk of cr op i nj u­
ry from 2 , 4- D i s  u sual ly greater when growi ng cond i t i on s  
are near i deal ( 1 , 3 1 ) .  Thi s was not the case i n  thi s 
study • . . The oat grow i ng seas on at the Watertown l o cat i on 
was near i deal i n  1 9 8 4  and s omewhat dry i n  most of 1 9 8 5 . 
Whi le the yi e l d  leve l s  were di f ferent ,  the trends and 
per cent yi e ld redu ct i ons di d not vary much from year t o  
year . Temperature and precip i tat i on data f or the 1 9 8 4  and 
1 9 85  grow i ng seas ons are given i n  Appendix 5 .  
Te st Weight and Lodgi ng 
2, 4- D  ami ne 
27  
Next t o  yield,  te st weight is  se cond i n  importance 
in oat product i on,  parti cu lar ly oat s grown f or the race 
hor se feed market . I n  thi s study, 2 , 4-D sprayed on oat s 
duri ng the re commended three- to- f our leaf s�age di d not 
direct ly redu ce the test weight of any variety . Thi s a­
grees with Aldr i ch ( 1 ) ,  who reported 2 , 4- D  ami ne had no 
.effect on the seed we ight of oat s .  Der s che i d  (5) et al . 
also reported salt formu lat i ons of 2 , 4-D did not redu ce 
seed we ight . 
Whi le i t  i s  evide nt 2 , 4-D ami ne doe s not dire ct ly 
reduce test we ight , i t  reduced te st weight i ndire ct ly 
through i ncreased lodg i ng in thi s study . 2 , 4-D caused a 
sharp increase i n  per cent lodg i ng at all  locat i on s  where 
any lodgi ng exi sted . Only Watertqwn i n  1985  had no l odged 
p lant s . Per cent lodg i ng was signi fi cant ly corre lated 
( r 2= . 6 6) with vari etal height . ·  The trend for al l var ie­
ties was an i ncrease i n  the per cent lodgi ng as the rate 
of 2 , 4- D  i ncreased . Tab le 3 give s the per cent lodg i ng of 
al l var i et i e s  at three locat i ons . The lodgi ng may be 
due to a reducti on in straw strength and/or pos s ible r oot 
i nj ury cau sed by 2 , 4- D .  2 , 4- D  has been reported t o  i nhibit 
lateral root elongat i on of oat s ,  corn (30) and wheat ( 1 4) . 
Derschei d  (4 ) et al . ,  rep orted lodgi ng as a re su lt of 
2 8  
Tab le 3 .  Per cent lodgi ng for oat variet ie s treate d  w i th 
2,4�D ami ne and MCPA ami ne . The Watertown l o­
cat i on was treated whi le the oat s were i n  the 
three-to- f our leaf stage , whi le oat s at Br ooki ng s 
and Centervi l le were i n  the 5�-t o- 6 leaf stage . 
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Watertown ( 1984) 
Rate of 2 , 4-D (kg/ha) 
0 . 2 8 
45 
1 4 
1 1  
1 9  
0 




3 1  
1 6 
0 . 5 6 
7 5  
2 9  
5 5  
4 1  
2 3 




4 2  
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Centervi l le ( 1 985) 
7 6  7 5  
3 0  4 5  
3 0  5 0  
5 1 5 7  
2 0  2 2  
2 9  3 9  
1 3  1 6 
5 6  5 2  
6 2 2  
4 9  5 0  
3 6  4 3  
Brookings ( 1985)  
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1 1  
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u s i ng 2 , 4-D on bar ley . 
In thi s study, there was a highly s i gni f i cant, 
negative corre lat i on (r 2=-.Sl) between perce nt l odgi ng and 
test we i ght . If  lodgi ng i s  i ncre ased, test weight i s  de-
creased . Each var i ety treated in  the three-to- four leaf 
stage had a reduct i on in te st we ight when there was 
lodg i ng ,  regardle s s  of the effect 2 , 4-D had on yie ld .  At 
the Watertown l ocat i on i n  1 9 8 5 , there were s igni f i cant 
2 9  
·yi eld reduct i ons , yet there was no l odg i ng by any v ar iety, 
and there were vi rtually no reducti ons i n  te s t  we i ght . 
Converse ly, i n  1 98 4 at the s ame locat i on, wi th s i mi l ar 
yie ld reducti ons , there was lodging by all var i et i e s and 
ne ar ly a l l  test we ight s we re reduced . Te st we ight s i n  
1 984  were not equal t o  the contr ols unle s s  there was no 
lodg i ng by that var i ety at that rate of 2 , 4-D.  Table 4 
gives a compar i s on of te st weight s  and lodgi ng for a l l  
var i eti e s . Lodgi ng may reduce the test weight of oat s 
by a combi ned e f fe ct of constr i cti ng the vas cular bundle s ,  
and de cre as i ng leaf surf ace area exposed t o  sunl i ght . 
Figure 4 compare s  the te st weight and per cent l odgi ng 
of Chief and Nob le i n  1 98 4  and 1 98 5  at Watertown for 
three rate s of 2 , 4-D.  
The te st we i ght redu ct i ons of oat s spr ayed w i th 
2 , 4-D duri ng the S�- t o- 6  le af stage were not s igni f i cant ly 
di fferent from those in the three-t o-four leaf tre atment 
Table 4 .  Percent lodg i ng and te st weight of oat var iet i e s  treated w i th 2 , 4-D 
ami ne and MCPA ami ne at Watert own in 1 984 and 1 985 . Oat s were i n  the 
three-to- four leaf s t age whe n tre ated. 
1984 
Burnett Chi e f  rate 
�kgLha� %1 TW2 % TW 
0 33  3 6 . 3 1 4 3 5 . 0  
2 , 4-D 0 . 28 4 5  3 5 . 5  1 4 3 4 . 7  
0 . 5 6  7 5  3 4 . 3  2 9  3 6 . 7  
0 . 8 4 7 6  3 4 . 0  44 3 3 . 1  
MCPA 0 . 5 6  4 5  3 4 . 9  0 3 4 . 5  
198 5 
0 0 33 . 8  0 3 3 . 2  
2, 4 -D 0 . 28 0 3 4 . 0  0 3 3 . 0  
0 . 5 6 0 34 . 0  0 3 3 . 0  
0 . 8 4 0 33 . 7  0 3 3 . 0  
MCPA 0 . 5 6 0 33 . 5  0 3 2. 8 
1 per cent lodg i ng 
2 te st we ight (pounds per bu shel ) 
3 Gar l and was i n  the study i n  1 984 only 
4 Ke lly was in the study in 1 9 8 5  only 
Cli nt l and 64 
% TW 
7 3 6 . 5 
1 1  3 5 . 8  
5 5  3 5 . 0  
6 1 3 4 . 5  
17 3 5 . 3  
0 3 3 . 1 
0 3 2 . 6 
0 3 3 . 1 
0 32. 6 
0 3 2. 8 
Garland 3 Kelly 4 
% TW % TW 
17 3 6 . 3  
1 9 3 6 . 2  
4 1 3 4 . 9  - -
3 0  3 4 . 9  
8 3 5 . 9  
- -. - - - - 0 3 5 . 5  
- - ---- 0 3 5 . 3  
-- - -- - 0 3 5 . 6  
-- - -- - 0 3 5 . 1 
-- - - - - 0 3 5 . 1 
w 
0 
Table 4 ( can't ) .  Per cent lodg i ng and test we ight of oat varieties treated w i th 
2 , 4-D ami ne and MCPA ami ne at Watert own i n  1 984 and 1 985 . Oat s  
were i n  the three-to- four le af st age whe n tre ated. 
1984 
rate Lancer Moore Noble Nodaway 7 0  Qg_J&. Porter 
�kgLha )  %1 TW2 % TW % TW % TW % TW % TW 
0 0 3 5 . 6 8 38. 2 0 3 5 . 3 0 3 7 . 0 0 3 4. 0 9 3 7 . 4  
2, 4-D  0. 28 0 3 4 . 5 3 4  3 7 . 8  0 3 5 . 4 6 36. 9 0 3 3 . 7 3 1 3 6. 8 
0. 5 6  23 3 4 . 2 6 6  36. 6 10 3 4 . 8 9 3 5 . 8 0· 3 3 . 9 4 2  36. 3 
0. 84 21 33. 7 8 4  3 7 . 2  1 6 33. 8 3 1 3 5 . 3 1 4 3 3 . 5 5 9  3 5 . 6 
MCPA . 0. 5 6  5 3 4 . 2 1 2 3 7 . 4 0 3 5 . 4 5 3 6 . 7  0 3 3 . 5 6 3 7 . 1 
1985  
0 0 3 2. 5  0 3 1. 9  0 3 2. 7  0 3 3 . 9 0 29. 4 0 3 2 . 1  
2 ,  4-D  0. 28 0 3 3 . 0 0 3 1. 9  0 3 3 . 2 0 3 4 . 6 0 2 9. 4 0 3 2 . 6  
0. 5 6  0 3 3 . 0  0 3 1. 5  0 3 2. 6 0 3 5 . 4 0 3 0 . 0 0 3 1. 6  
0. 84  0 3 3 . 2 0 3 1. 3  0 3 2. 9 0 3 4 . 6 0 29. 6 0 3 2. 4 
MCPA 0. 5 6  0 3 2. 1 0 3 1. 6  0 3 2. 6 0 3 4 . 0 0 2 8 . 5  0 3 1 . 0  
1 lodg ing (%) 
2 test we ight (pounds per bushe l )  
w 
........ 
Figure 4 .  Te s t  we ight and per cent lodg i ng of Chi e f  and 
Nob le at Watert own i n  1 984 and 1 98 5 . 2 , 4-D 
ami ne w a s  app l i ed when the oat s were i n  the 
three - t o- f our leaf s t age of deve l opme nt _. 
Re s u l t s are expre s sed as a percent of the 
cont r o l . 
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(Appe ndix 6 ) . For a l l  but three var i etie s ,  the t e st we ight 
reducti ons were agai n s igni f i cant ly corre lated ( r 2= - . 46 )  
with the i ncrease i n  lodg i ng caused by 2 , 4-D.  The te st 
· we ight reduct i ons of Nodaway 7 0 ,  Ke l ly and Lancer were not 
as highly corre lated with lodg i ng ( r 2= - . 3 6 ) . Thi s i s  
pos s ibly due to the chemi cal affect i ng their  te s t  we ight s 
direct ly by i nj ur i ng the deve lopi ng pani c le whi ch i s  present 
by the f ive or s ix leaf stage ( 9 , 2 3 ) , as we l l  as i ndirect ly 
via i ncreased lodg i ng .  Nodaway 7 0 ,  Ke lly and Lancer have 
the three ear l i e st matur i t i e s  i n  thi s  study, thu s ,  the i r  
growi ng poi nt s are probab ly deve loped s ooner than the other 
varieti e s ,  maki ng them the most sus ceptible to 2 , 4-D at 
thi s stage . Figure 5 compares  the test weight s and per �e nt 
lodg i ng of Lance r ,  Ke l ly, Og le and Porter when treated w i th 
2 , 4-D dur i ng the 5�-to- 6  leaf stage at Brooki ng s . 
MCPA ami ne 
MCPA app l i cati on s  (at the 3-to-4 or the 5 �- t o- 6  
leaf stage s )  generally re sulted i n  lodg i ng near ly equal t o  
the control s . Lodg i ng was near ly always le s s  with MCPA 
than the three rate s of 2 , 4-D (Tab le 3 ) . Everett ( 7 ) ,  
worki ng w i th MCPA ami ne on oat variet i e s , reported severe 
effe ct s on the var iety Fundy . Apparent ly kerne l s  fai led 
to form although glume s and hu l l s  were pre sent . Thi s  was 
a re su lt of treatment when the oat ·plant s were s i x  i n che s 
tal l ;  no i ndi cat i on as  to leaf stage was given . The 
Figure 5 .  Te st weight and per cent lodg i ng of Lancer , 
Ke l ly,  Og le and Porter when treated wi th 
2 , 4 -D ami ne dur i ng the S�-to- 6  leaf st age 
at Brooki ngs in 1 98 5 . Resu lts are e�res sed 
a s  a per ce nt of the control . 
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� +2 0  
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Lancer Kel ly Og le Porter 
3 4  
3 5  
e f fect s  o f  MCPA i n  thi s study were not a s  severe as  
Everett s ' ,  however i t  should be noted, duri ng the pr oce s s­
i ng of the subsamp l e s  a few pani cle s of Og le, from MCPA 
treated plots, contai ned only g lume s and empty hul l s . It 
i s  e stimated le s s  than one per cent of the MCPA treated 
pani c le s  of Og le cons i sted of empty hul l s . 
MCPA rare ly cau sed an i ncrease i n  lodgi ng when 
treated at the three- t o- four leaf stage . Consequent ly, 
there were few redu ct i ons i n  test we ight . At Watertown 
in 1 98 5  ( n o  lodg i ng) , Og le and Porter had the large st 
reduct i ons ( 3%) , al l other reducti ons were le s s  than 1 %. 
In 1984 ( l odgi ng pre sent) , Burnett, Lancer and Cli nt land 
64 had the largest reduct i ons, rang i ng from 3 - 4 % .  For 
each of the se var i et i e s  the MCPA treated plot s had more 
lodg i ng than the ir  che ck plot s, thi s wou ld explai n the 
te st we ight redu ct i ons . 
Te st weight reduct i ons of oat s treated dur i ng the 
5 �-to- 6  leaf stage were not s igni fi cant ly di f ferent from 
the three- to- four leaf treatment . As i n  the ear ly treat­
ment, the large s t  test  weight reduct i ons were always i n  
var i et i e s  whi ch had more lodgi ng i n  the i r  MCPA treated 
p lots than the i r  che ck p lot s . Thi s i ndi cate s  MCPA i s  
s imi lar to 2 , 4 - D  i n  that mo st test weight reducti ons re­
sult i ng from app l i cati ons are due to lodgi ng and not 
dire ct herbi cidal act i o n .  
3 6  
Plant He ight, Rust and Heading Date 
2 , 4-D ami ne and MCPA ami ne treatment s  on oat s had 
very little effe ct on plant height . On the average , 2 , 4-D 
treated oat s were s l ight ly tal ler than the untreated oat s ,  
whi le MCPA treated p lot s were s l ight ly shorter than the 
control s . Di fference s f or both herbi cides  were nons ig­
ni fi cant (Appendix 7 ) . The se re sult s agree with Arnold 
and Auch (2) , who reported no s igni fi cant di f ference s i n  
plant he ight o f  oat s t reated with 2 , 4-D ami ne o r  MCPA 
ami ne .  
There are very few studies deal i ng with the e f fe ct 
of 2 , 4-D on oat rust . Ibrahim ( 1 2) did greenhou se s tud i e s  
to determi ne the e f f e ct o f  2 , 4-D o n  oat stem rust , mai nly 
its effect on the germi nat i on of ur idi ospore s and on de­
ve lopme nt of ru st i nfect i ons on sus ceptible and re s i stant 
oat variet ie s .  He reported the effect of 2 , 4-D on stem 
rust i s  not enough t o  change a sus cept ib le variety i nto a 
re si stant one . I n  our study, 2 , 4-D and MCPA treatme nt s  
did not signi f i cant ly change the percent ru st of any va­
riety (Appendix 8 ) . 
The date of headi ng for all varietie s was unaf­
fe cted by 2 , 4-D or MCPA (Appendix 9 ) . Headi ng date s were 
only taken at Br ooki ngs in 1 9 8 5 . 
Yi eld Component s 
2 , 4-D ami ne 
37 
The yie ld reduct i ons of oat s sprayed w i th 2, 4- D 
ami ne dur i ng the three-t o- four leaf stage were primar i ly 
due t o  a reduct i on i n  the number of seeds per pani c le . 
Thi s agree s with Der s che id ( 5) et . al, who reported yi eld 
' redu ct i ons in oat s  treated with 2 , 4-D e ster were due t o  a 
reduct i on i n  the number of seeds per pani c le . Kent and 
Hut chi nson ( 1 5) , reported 2, 4-D ami ne reduced the number 
of grai ns produ ced by an oat plant . In both of the se 
studi es , a reduct i on i n  seeds per pani cle wa s accompani ed 
by an i ncrease in 1 0 0 0  seed wei ght . Thi s was al s o  reported 
by Arnold and Au ch ( 2) as  they found oat p lant s treated 
with high rate s of 2 , 4 - D  ami ne had greater seed we ight s 
than untreated contr o l s . The reduct i on i n  the number of 
seeds per pani c le may favor the growth of the remai ni ng 
seeds ( 1 5) . 
In our study, the analys i s  of variance of seed s 
per pani cle i ndi cated a high ly s igni f i cant F value f or 
vari ety by treatment i nteract i on .  Thu s ,  var iet i e s  were 
analyzed and di s cu s sed seperate ly. Trends are a l s o  di s� 
cu s sed . Only Moore at Watertown i n  1 985 , di d not have a 
reduct i on i n  the number of seeds per pani cle for any rate 
of 2 , 4-D .  Kel ly i n  1 98 5  and Garland i n  1984  had seed 
numbers reduced only at the 0 . 8 4 kg/ha rate ( Tab le  5) . 
Table 5 .  The number o f  seeds per pani cle and 1000 kernel weight s o f  oat vari e­
t i es tre ated with 2 , 4 - D  ami ne and MCPA ami ne at Watert own i n  1 98 4 and 
1 985 . Treatment s  were appli ed whi le the oat s were i n  the three- t o­
four le af stage . 
rate Burnett 1 KW2 �kgLha ) seeds 
0 4 2  3 4 . 0 
2 ,  4 - D  0 . 28 3 8  33. 9 
0 . 5 6 3 5  3 4 . 6  
0. 84 33 3 4 . 4 
MCPA 0 . 5 6 4 1 3 1. 6  
0 4 1 22 . 9 
2, 4-D 0. 2 8  3 9  2 2 . 4 
0. 5 6  38  2 3 . 1 
0 . 8 4 4 0  23 . 0  
MCPA 0 . 5 6  4 1 22. 9 
1 number of seeds per pani cle 
2 we ight of 1 000 kernels (gm ) 
Watertown 1984  
Chi ef. 
seeds __ KW 
58 2 7 . 3 
4 8  28 . 3  
48  28 . 7  
47  27 . 8  
5 1 2 7 . 5 
Watertown 1985  
5 1 
4 9  
4 5  
3 9  
5 2  
1 9. 7 
2 0. 3 
2 1 . 3  
21 . 4  
2 0 . 6  
Cli ntland 64  
seeds 
4 5  
4 4  
4 6  
3 9  
4 8  
5 6  





2 7 . 4 
2 7 . 3  
2 7 . 7  
2 8 . 1 
2 7 . 1 
1 9. 5 
1 9 . 5 
20 . 0  




4 3  2 7 . 1 
48  2 7 . 7 
4 3  26. 9 
4 0  28 . 7  
4 3  2 7 . 7 
w 
OJ 
Table 5 ( con • t ) . The number of seeds per pani cle and 1000  kerne l  weight s of oat 
variet i e s  treated with 2 , 4 - D  ami ne and MCPA ami ne at Watert own 
i n  1984 and 1 98 5 . Tre atment s  were app l i ed whi le the oat s were 




2 , 4-D 0 . 28 
0 . 5 6  
0 . 8 4 
MCPA 0 . 5 6 
0 
2 , 4-D 0 . 28 
0 . 5 6 
0 . 8 4 
MCPA 0 . 5 6 
Ke lly 
seeds 1 KW2 
4 0  2 1 . 1 
4 1 2 2 . 4  
4 0  2 2 . 1 
3 6  2 1 . 8  
38  2 1 . 9 
l .. nurnber of seeds per pani c le 




5 0  
4 2  
4 4  
4 0  
4 4  
2 8 . 8  
2 9 . 1 
28 . 8  
2 9 . 0 
2 8 . 4  
Watertown 1985 
4 3  2 0 . 0  
4 2  2 0 . 0  
3 9  2 1 . 7 
3 8  2 0 . 7  
4 6  1 9 . 9  
Moor.§. Noble 
seeds KW seeds KW 
5 1  3 1 . 4  4 2  2 8 . 7 
4 8  3 0 . 6  4 0  2 9 . 2 
4 5  3 1 . 1 4 2  2 8 . 4  
4 6  3 1 . 3 3 5  2 9 . 2 
4 5  3 1 . 6 4 1  2 8 . 7  
5 1 1 9 . 6 3 8  2 0 . 9  
5 2  2 1 . 0 3 5  . 2 0 . 6  
5 3  2 0 . 6 3 5  2 2 . 7  
5 6  2 0 . 8  3 1  2 3 . 9  
5 5  19 . 9 3 5  2 1 . 4  
w 
\0 
Table 5 ( con ' t ) . The number of seeds per pani cle and 1000 ker ne l weight s of oat 
variet i e s  treated with 2 , 4-D ami ne and MCPA ami ne at Watertown 
in 1 984 and 1 98 5 . Tre atment s  were app l i ed whi le the oat s were 
in the three-to- four leaf stage . 
Watertown 1984 
rate Nodaway 7 0  Ogle Porter 
(ko/ha ) seeds KW seeds KW seeds KW 
0 3 3  3 2 . 0  4 5  3 2 . 0  4 9  3 3 . 1 
2 , 4-D 0 . 28 3 2  3 2 . 1 4 4  3 2 . 5  4 5  3 2 . 7  
0 . 5 6  3 1  3 1 . 9  4 5  3 2 . 2 4 4  3 3 . 4 
0 . 8 4 28  3 2 . 2 4 2 3 1 . 6  4 5  3 2 . 3 
MCPA 0 . 5 6  3 4  3 0 . 8  47  3 1 . 4 5 0  3 2 . 6 
Watertown 198 5  
0 4 3  2 2  . ,8 5 6  2 0 . 1 5 1 2 1 . 1 
2 , 4-D 0 . 28  38  2 2 . 2  5 3  2 0 . 9  5 1 2 1 . 3  
0 . 5 6  3 7  2 2 . 8  5 2  2 1 . 4  4 6  2 2 . 1 
0 . 8 4 4 0  2 1 . 7  5 1  2 0 . 6  48  2 1 . 1 
MCPA 0 . 5 6  4 0  2 1 . 6  5 4  2 0 . 6 48 2 0 . 5 
1 number of seeds per pani cle 
2 we ight of 1000 kerne ls  (gm) 
� 
0 
Al l other vari et i e s ,  i n  both year s ,  had a reduct i on i n  
seeds per pani c le when treated with any . rate o f  2 , 4 - D .  
Thi s  redu ct i on was u sua l ly followed by a n  i ncrease i n  
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seed s i ze (Tab le 5) . Whi le there were no signi f i cant di f­
ference s in 1 0 0 0  seed weight , there were de f i ni te trends  
across  the three rat e s  of  2 , 4-D.  Be side s  be i ng affe cted 
by seed numbe r reduct i ons , it  appear s the 1000  seed weight 
i s  a l s o  affe cted by l odg i ng as was test weight . At Water­
town in 1 98 5  ( no l odg i ng) if seed numbers de crea s ed,  1 0 0 0  
seed weight s i ncreased (Figure 6) . There was a highly 
s igni f i cant, negat ive corre lat i on (r 2= - . 4 4 ) betwe e n  seeds 
per pani c le and 1000 seed we ight s whe n no lodg i ng was 
pre sent . However, at Watert own i n  1984 (lodgi ng pre sent) , 
i f  the number of seeds per pani c le was reduced, the weight 
of the seeds ei ther i ncreased only s light ly or were de-
creased . The seed s i ze i ncrease was almost always le s s  
when lodg i ng was pre sent . Thi s i s  shown by the seeds per 
pani c le and 1000  seed weight corre lati on .  Whi le remai ni ng 
highly s igni fi cant, it  dropped from r 2= - . 4 4  (no l odgi ng) 
to r 2= - . 28 (wi th lodg i ng) . Whi le a reducti on i n  seed s 
per pani c le favor s an i n crease i n  seed si ze, the e f f e ct of 
lodg i ng on the f i l l i ng of the seed prevented or reduced 
thi s i ncrease .  
A reduct i on i n  the number of seeds per pani cle was 
also the mai n  fact or reducing yi e lds of oat s treated 
Figure 6 .  Number of seeds per p ani c le and 1000 ker ne l  
weight s of oat variet i e s  treated with 2 , 4-D 
ami ne duri ng the 3-to- 4 leaf stage in  1 985 
at Watertown . Re su lt s are expres sed as a 
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duri ng the 5 �- to- 6 leaf stage . Seed number reducti ons 
were s i gni f i cant ly greater for most variet i e s  whe n treated 
at the se later s tage s ( Tab le 6 ) . Thi s  coi ncide s  with the 
larger de crease in yi e lds by most variet i e s . Another 
fact or affe cti ng yie lds was the 1 000 seed we ight . When 
treated dur i ng the three-to- f our leaf s tag e ,  var i et i e s  
whi ch had a redu ct i on i n  the number o f  seeds per pani c le 
general ly exper i enced an i ncrease i n  the seed s i ze .  Thi s 
i ncrease , t o  an extent , counteracted the de crea se i n  seed 
number and re su lted in yi elds near the contro l s . The 
except i ons were the var i etie s whi ch had signi fi cant yi eld 
redu cti ons , i n  whi ch cas e  the i ncrease i n  seed s i ze did 
not fu l ly counteract the seed number reduct i on .  Howeve r, 
when oat s were sprayed with 2 , 4 - D  ami ne dur i ng the 5 �- t o-
6 leaf stage , the 1 0 0 0  seed we ight s were ei ther redu ced 
or i ncreased very l i tt le  ( Tab le 6 ) and at the same t ime 
seed numbe rs were redu ced sharp ly . As a re sult of the 
large reducti ons i n  seeds per pani c l e ,  comb i ned w i th the 
1 0 0 0  seed weight a l s o  be i ng de creased or only i ncrea sed 
s l ight ly, yi elds were redu ced mu ch more than dur i ng the 
three- to- f our leaf treatment . As with test we ight , the 
seed we ight reductions may be a result of the chemi cal 
direct ly af fect i ng the new ly deve loping pani cle whi ch i s  
pre sent dur i ng the f i ve- to- s ix leaf stage ( 9 ) . The 
lodgi ng whi ch was pre sent at both Br ooki ng s and 
Table 6 .  The number of seeds per pani cle and 1000 kerne l we ight s of oat var ie-
t i e s  treated with 2 , 4-D ami ne and MCPA ami ne at  Centervi l le and 
Brooki ngs . Tre atment s were app l i ed whi le the oat s were i n  the 5�-to-
6 leaf stage . 
rate Burnett 
(kgiha )  seeds 1 KW2 
0 4 4  2 6 . 2 
2 , 4-D 0 . 2 8 3 2 2 9 . 1 
0 . 5 6 28 28 . 3  
0 . 84 3 0  2 6 . 7 
MCPA 0 . 5 6 3 5  2 6 . 5  
0 47  2 9 . 8  
2 , 4-D 0 . 28 38  3 0 . 2  
0 . 5 6 3 3  28 . 6  
0 . 8 4 3 2  28 . 6  
MCPA 0 . 5 6 4 2  3 1 . 2  
1 number of seeds per pani cle 
2. weight of 1000 kerne l s  (gm) 
Centerv i l le 198 5 
Chief  
seeds KW 
50  2 5 . 7  
48 2 4 . 3  
3 9  2 4 . 9  
37  2 5 . 0  
4 5  2 5 . 8  
Brooki ngs 1985 
59  2 7 . 3  
5 4  28 . 6  
48  2 6 . 7 
3 9  2 7 . 0  
5 8  2 7 . 2  
Cl i nt l and 64  Ke l ly 
seeds KW seeds KW 
5 2  2 2 . 3  3 9  2 7 . 1 
4 0  2 4 . 6  3 4  2 5 . 2 
3 8  2 3 . 9  2 9  2 6 . 3 
3 5  2 4 . 2  2 8  2 5 . 6 
4 7  2 2 . 5  3 2  2 6 . 2 
5 4  2 4 . 9  4 4  3 3 . 3 
4 5  2 7 . 3  3 2  3 2 . 6  
4 1  2 7 . 6  2 6  3 0 . 9  
38  2 6 . 2  2 4  3 0 . 0 
4 9  2 6 . 7  3 5  3 3 . 1 
� 
� 
Table 6 ( con ' t ) . The number of seeds per pani c le and 1000  kerne l we ight s of oat 
variet i e s  tre ated 'with 2 , 4-D ami ne and MCPA ami ne at 
Centervi l le and Brooki ng s . Tre atment s  were app l i ed whi le 
the oat s were in the 5�-to- 6  leaf stage . 
rate Lancer 
( ko/ha) seeds 1 KW2 
0 
2 , 4-D 0 . 2 8 
0 . 5 6 
0 . 8 4 
MCPA 0 . 5 6 
0 
2 , 4-D 0 . 2 8 
0 . 5 6 
0 . 8 4 
MCPA 0 . 5 6 
4 6  
4 1  
3 6  
3 1 
40  
5 5  
4 2  
4 2  
3 3  
47  
2 5 . 0  
2 4 . 5  
2 4 . 8  
2 4 . 2  
2 4 . 2  
28 . 1 
2 9 . 1 
2 7 . 1 
2 6 . 4 
2 9 . 2 
1 number of seeds per pani cle 
2 we ight of 1000 kerne l s  ( gm )  
Centervi l le 198 5 
Moore 
seeds KW 
5 9  
5 1  
4 9  
5 0  
5 2  
2 4 . 2  
2 5 . 6  
2 5 . 0  
2 5 . 2  
2 7 . 0  
Nob le 
·---=-s�e�ed.::::�s KW 
5 3  
4 4  
4 4  
3 3  
48  
2 3 . 6  
2 4 . 8  
2 4 . 8  
2 4 . 3  
2 4 . 2  
Brooki ngs 198 5  
60 
58 
5 9  
5 7  
5 9  
2 7 . 2  
2 7 . 9  
2 7 . 8  
27 . 6  
2 7 . 7  
4 9  
4 4  
3 7  
3 0  
4 2  
3 0 . 1 
3 0 . 3 
2 9 . 4 
2 9 . 3  
2 9 . 6 
Nodaway 7 0  
seeds KW 
4 0  
3 7  
3 0  
3 2  
3 8  
4 2  
3 2  
2 5  
2 1  
3 6  
2 6 . 0  
2 6 . 2 
2 7 . 8  
2 4 . 4  
2 6 . 2 
3 0 . 5  
3 3 . 7 
3 1 . 3  
3 1 . 3 
3 2 . 3  
� 
(.J1 
Table 6 ( con • t ) . The number of seeds per pani cle and 1000  ker ne l  we ight s of oat 
variet i e s  treated wi th 2 , 4-D ami ne and MCPA ami ne at 
Centervi l le and Brooki ng s . Tre atment s were app l i ed whi le the 
oat s were in the 5�-to- 6  leaf st age . 
Centervi l le 198 5 
r ate Ogle Porter 
�kgiha ) seeds 1 KW2 seeds KW 
0 66  2 6 . 3 5 4  2 7 . 8  
2 , 4-D 0 . 28 6 1 2 7 . 0  5 0  2 6 . 4 
0 . 5 6 5 4  2 5 . 2  5 0  2 6 . 5 
0 . 8 4 5 4  2 6 . 6  4 9  2 4 . 3  
MCPA 0 . 5 6 5 5  2 7 . 8  5 0  2 5 . 8  
Brooki ngs 1985 
0 58  2 9 . 9  5 4  2 6 . 6 ' 
2 , 4-D 0 . 2 8 5 4  2 9 . 9  5 4  2 7 . 6  
0 . 5 6 4 6  28 . 9  5 3  2 5 . 4  
0 . 8 4 4 6  2 9 . 7  5 8  2 3 . 9  
MCPA 0 . 5 6 5 4  2 8 . 9  5 7  2 5 . 7  
1 number of seeds per pani cle 
2 weight of 1000 kerne l s  (gm )  
� 
0'1 
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Centerv i l le added t o  the suppre s s i on o f  1 0 0 0  seed we ight s  
by i nhibi t i ng proper f i l l i ng of the seeds . The se e ffect s 
on seed weight would exp lai n  the test we ight reduct i ons  
o f  oat var i et i e s  treated dur i ng the 5�-to- 6  leaf  s t age . 
The trend of 2 , 4 - D • s effect on seed we i ght s i s  
very evident . The seed weight s i ncreased when spr ayed 
e ar ly without lodgi ng ;  were suppres sed somewhat w i th the 
addi t i on of lodg i ng ;  and were suppre s sed even more w i th 
the addi t i onal stre s s  of bei ng sprayed late . The number 
of seeds per panicle tends  to decrease much more when oats 
are sprayed dur i ng the later stage as compared to the 
ear li er . Lodg i ng had no ef fect on the number of seed s per 
panicle . _ Figures 7 and 8 show the number of seeds per 
pani cle and the seed we i ght s for the var i et i e s  Chi e f  and 
Lancer acros s the three r ate s of 2 , 4-D ami ne at all  
locat i ons . 
2 , 4-D a l s o  af fect s  the amount of t i l ler i ng by an 
oat p l ant . Dersche i d  ( 5 ) et . al , reported an i ncre a s e  i n  
the numbe r of panicle s  when oat s were treated w i th 2 , 4- D 
e ster . Aldr i ch ( 1 ) , did a fi ve ye ar study on the e f f ect 
of 2 , 4 - D  ami ne on oat s grown i n  low and high fert i l i t y  
s oi l s .  He reported no s igni f i cant di fference in  the num­
ber of t i l lers i n  2 , 4 - D  tre ated oat s grown on low fert i l i ­
t y  s oi l s . However, i n  high fert i li ty soi l s, the 2 , 4- D 
4 8  
Figure 7 .  Number of seeds per pani cle and 1000 kerne l 
we ight s of Chief whe n treated with three r ates 
of 2 , 4 -D ami ne a t  f our locati ons . Oat s a t  the 
Watertown locat i on were i n  the 3-t6� 4  leaf  
stage when sprayed, whi le those at  Brooki ng s 
and Centervi l le were i n  the S��to- 6 leaf s t age . 
Re sults  are expre s sed as a percent of the 
control . 
Centervi l le 
98 5 ) 
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Q) 






- 3 0  
I I I I I I I I I I I I co \0 � co \0 � co \0 · � co \0 � N L{') co N L{') co N L{') co N L{') co 
. . . . . . • . . . . . 
0 0 0 0 0 0 0 0 0 0 0 0 
RATE OF 2 , 4 - D  ( KG/HA) 
D = s eeds per p an i c le � =  1 0 0 0  kerne l we i ght 
4 9  
Figure 8 .  Number of seeds per pani cle and 1000 kerne l  
we ight s of Lancer when treated with three 
rates of 2 , 4 -D at f our locations . Oat s at the 
Watertown locat i on were i n  the 3-to- 4  l e a f  
st age when sprayed, whi le those at  Br ooki ng s 
and Centervi l le were i n  the S�-to- 6 leaf s tage . 
Re su lts are expre s sed as a percent of the 
control . 
- 4 0  
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treated p lot s had more t i l le r s than the cont ro l s  i n  a l l  
f i ve ye ar s . 
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I n  our s tudy, the number o f  g r ai n p r oduci ng p ani ­
c l e s  per meter o f  p l ot ( t i l l er i ng )  d i d  not exhib i t  a 
de f i ni te tre nd a cr o s s the three r ate s of  2 , 4 - D .  Whi l e  
the actu al number o f  stems  p e r  meter d i d  not v ar y  mu ch 
between ye ar s ,  l oc at i ons , or app l i cat i on t ime s ,  the d i ­
re ct i ons of the re sp onse s d i d  vary . Var ieti e s  su ch a s  
L ancer and Ke l ly had an i ncre ase  i n  t i l ler i ng o n  2 , 4 - D  
tre ated p lot s f or a l l  loc at i ons . Cl i nt l and 6 4  had an  i n­
cre ase i n  t i l ler i ng at Watertow n  i n  1 9 8 4  and Br ooki ng s i n  
1 9 8 5 , but a de cre as e  i n  t i l leri ng at Watertow n  i n  1 98 5 . 
Al l ti l ler i ng re spon s e s  can be f ou nd i n  Appe ndi x 1 0 . It  
w a s  evi dent e a ch change i n  the numbe r of  t i l ler s by 2 , 4 - D  
tre atme nt had a de f i ni te e f f e ct o n  y i e l d .  However ,  whi le 
past studie s  ( 1 , 5 )  f ou nd trend s  in the e f fe ct of  2 , 4 - D  on 
t i l l er i ng ,  thi s s tudy f ou nd di f ference s ,  but no de f i ni te 
trends a cros s r ate s or betwe e n  locat i ons . 
MCPA ami ne 
'!'he re sponse by the yie ld component s of oat s 
tre ated w i th MCP A  duri ng the three- t o- four leaf s t ag e  w a s  
s imi l ar t o  those tre ated dur i ng the S�- t o- 6  le a f  s t ag e . 
The l ater spr ayi ng of MCPA cau sed a s l i ght ly gre ater de­
cre ase i n  the number of  s eeds per p ani cle than the e ar ly 
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tre atment , but d i f ference s were nons igni fi cant . The 1 0 00 
seed wei ght s  of the e ar ly treatment s  were not s igni f i cant­
ly di ffernt than those of the late tre ated oat s . MCPA 
caused a redu ct i on i n  the number of seeds per pani c le f or 
most var i et i e s . There were , however , i nstance s i n  whi ch 
MCPA tre atment resulted i n  an i ncrease i n  the number of 
seeds per pani cle . Thi s i ncrease occurred 2 0% of the t i me 
as compared t o  5 %  f or the s ame rate of 2 , 4 - D  acros s al l 
·locat i ons . Thi s may exp lai n some of the s light i ncre a s e s  
i n  yie lds b y  some MCPA treated p lot s . A reduct i on i n  the 
number of seeds per pani cle by MCPA treated p l ot s  was  
almost always le s s  than that of the s ame r ate of 2 , 4 - D  at 
the same locat i on ( Tab l e s  5 and 6) . It appe ar s  MCPA di d 
not af fect the pani cle as dr asti cal ly as 2 , 4 - D .  Whi le a 
de crease i n  the number of seeds per pani cle resu lted i n  
i ncre ased seed weight s ,  the conver se i s  al s o  true . An 
i ncre ase i n  the number o f  seeds per pani cle by MCPA treat­
ment caused seed we ight s  t o  de cre ase , pos s ib ly due to the 
oat pl ant havi ng more seeds to t i l l . Seed weight � of mo st 
variet i e s  treated w i th MCPA duri ng either the e ar ly or 
late le af stage tended t o  i ncre ase s light ly . However ,  
Porter was an except i on .  I t  was previ ou s ly reported MCPA 
caused si gni f i cant yi e ld redu ct i ons in Porter . The y i e ld 
component s i ndi cate the seed weight s of Porter were re- · · 
du ced at al l four locat i ons , regardle s s  of the change i n  
seed number s . Thi s may further sugge st a pos s ible su s­
cept ibi l ity of Porter to MCPA. 
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Unl i ke 2 , 4 - D, . �CPA appear s  t o  have a de f i nite trend 
i n  t i l ler i ng .  MCPA tre ated p lot s  usual ly _ �ad more p ani cle s 
per meter than the contr ol  p lot s • . .  At Watertown i n  1 98 5 , 
Cli nt land 64  and Nob le both _had de cre ase s i n  ti l le r i n9 of 
( 6%) . At Brooki ngs ,  poth . Nob le ( 6%)  and Lancer ( 1 1% )  had 
a de crease i n  t i l ler i ng .  Al l other var iet i e s  at a l l  lo­
cati ons re sponded w i th t i l ler number s  equal t o  or gre ater 
than the contr o l s  ( Appendix 1 0 ) . The combi ned e f fe ct s  of 
i ncre as i ng t i l le r s  yet reducing seed numbers very l i t t le 
would exp l ai n  why MCPA gene r a l ly doe s -not cause s igni f i cant 
yi e ld reduct i ons , and often s light ly incre ase s yi e lds . 
Inf luence of Ge ne t i c Fact or s on Toler ance 
No de f i ni t e  conclu s i ons can be drawn from thi s 
study about the extent ge neti c fact or s  i nf luence oat t oler­
ance to 2 , 4 - D  ami ne and MCPA amine . Re su lts  of thi s s tudy . 
i ndi cate a greater re lat i onship between t ime of pani cle 
i ni t i at i on and oat t o ler ance . Thi s are a i s  further di s­
cus sed i n  the Sugge st i ons sect i on .  Whi le there i s  no doubt 
geneti c fact or s do i nf luence oat tolerance to 2 , 4 - D  to s ome 
extent , the degree was · not determi ned i n  thi s study . 
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SUMMARY 
2, 4-D ami ne appl i ed at the three-t o- f our le af st age 
1 . The 0 . 2 8 kg ai/ha r ate did not signi f i cant ly reduce 
the yi e ld of any var i ety . The 0 . 5 6 kg ai/ha r ate only 
redu ced the yie ld of Lancer . The yie lds of Gar l and , 
Ke l ly,  Lancer and Nodaway 7 0  were s igni f i cant ly re­
duced at the 0 . 8 4 kg ai/ha r ate . 
· 2 .  As the rate of 2 , 4-D i ncreased, the percent lodg i ng 
i ncre ased f or mos t  varieties  at most locat i ons . 
3 .  2 , 4-D ami ne did not direct ly reduce the test weight s 
of any var iety . However , by cau s i ng an i ncrease i n  
lodgi ng ,  i t  i ndirect ly reduced test we ight . As the 
percent lodgi ng i ncre ased, the te st weight gener a l ly 
de cre ased . 
4 .  App l i cat i ons of 2 , 4-D ami ne or MCPA ami ne at the three­
t o- f our leaf stage or the S�- t o- 6  leaf stage s ,  had no 
s igni fi cant e f fe ct s  on p l ant height , ru st or headi ng 
date . 
5 .  App l i cat i ons of 2 , 4-D ami ne almost always cau sed a 
reduct i on in the number of seeds per pani cle . When no 
lodgi ng was pre sent ,  . and there was a reduct i on in the 
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number o f  seeds per pani c le ,  1000  seed weight s i n­
cre ased (w�th the except i on of Nodaway 7 0 ) . When 
lodgi ng was pre sent ,  and the number of seeds per 
pani cle was reduced, 10 00 seed wei ght s .were u sual ly 
very clo se t o  the control , with s ome s light i n crease s 
and decrease s . 
6 .  2 , 4-D ami ne treatment re su lted i n  t i l leri ng r e sponse s 
whi ch var i ed betwee n tre atment s and locat i ons  w i thi n  
each var i ety . 
5�- to- 6 leaf 2 , 4-D ami ne tre atment 
7 .  Moore , Porter and Og le were f ai r ly t oler ant t o  2 , 4 - D  
ami ne when treated at the 5�-to- 6 le af stage . Al l 
other var i et i e s  had s igni f i cant yield redu ct i ons at a l l  
locat i ons for al l rat e s . Yie ld redu ct i ons  were s i g­
ni f i cant ly gre ater w i th the 5 �-to- 6 leaf tr e atment 
than the three-t o- four leaf treatment . 
8 .  Wi th the excepti on of Ke l ly, test wei ght s appe ared t o  
b e  more depe ndent on the amount o f  lodg i ng than the 
leaf stage of the oat s when sprayed . 
MCPA ami ne 
9 .  The 0 . 5 6 kg ai/ha r ate of MCPA applied dur i ng the 
three- to- four leaf st age,  signi f i cant ly reduced the 
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yie lds of Lancer and Porter i n  198 4 and 1 98 5 ,  and 
Ke l ly i n  1 985 . The 5 �-to- 6 le af tre atment s redu ced 
the yi e l d  of Porter at Centervi l le in 1 98 5 and Ke l ly 
i n  1 9 8 5  at both locat i ons . 
10 .  MCPA ami ne ap�li cat i ons at the three- to- f our le af s t age 
and the 5 �-to- 6 le af s t ages almost always re sulted i n  
an i ncrease i n  t i l ler i ng .  
1 1 . MCPA gener a l ly caused a reducti on i n  the number of 
seeds per pani cle . There were no signi fi cant d i f fer­
ence s betwee n  the e ar ly and l ate MCPA tre atment s on 
the number of seeds per pani c le or 10 0 0  seed wei ght s . 
1 2 . MCPA ami ne r are ly caused an i ncre ase i n  lodg i ng .  As 
a re sult , there were few redu.cti ons i n  test we ight i n  
MCPA treated p lot s .  
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SUGGESTIONS 
A two ye ar study by Ros s { 2 3 )  may exp lai n why s ome 
v arietie s  are more su s ceptible t o  2 , 4-D ami ne than other s ,  
p arti cular ly when tre ated after the five leaf s t ag e . Ros s ' 
study i nvolved f ourteen oat varieties  rangi ng from e ar ly 
t o  l ate i n  maturi ty .  Every three days from emergence unt i l 
head i ng ,  a s amp le of p l ant s from each vari ety was  di s se cted 
to determi ne shoot deve lopment . Near the t ime of p ani cle 
i ni t i at i on extra s amp le s  were taken to accur ate ly determi ne 
that date . Pani c l e  i ni t i at i on i s  the tr ans i t i on per i od 
whe n the p l ant change s from i t s  vegat ative pha se t o  the 
reproductive phase . Duri ng thi s peri od,  the grow i ng poi nt 
di fferent i ate s ,  and the i nf l ores cence and i t s  part s beg i n  
t o  deve lop .  I n  the f i r s t  year of hi s study, the per i od 
from p l ant i ng t o  pani cle i ni t i at i on ranged from 3 0  days 
f or the e ar l i e s t  var i ety, to 38 days for the l at e s t  var ie­
ty, a di fference of 8 days . In the se cond ye ar , the r ange 
was from 2 2  t o  3 0  days , a l s o  a di f ference of 8 days . The 
actual number of days fr om p l anti ng t o  pani cle i ni ti at i on 
wi l l  vary dependi ng on day length, temper ature and other 
environmental f actor s . However , 8 days appe ared t o  be an 
aver age range f or pani cle i ni t i at i on between the e ar ly and 
late variet i e s  i n  hi s study .. Ros s  al so stated " r ate of 
leaf deve lopme nt was near ly i denti cal among all var i e t i e s  
5 7  
throughout ear ly growth, but le af numbers at t ime o f  p ani ­
cle i ni t i at i on were markedly lower for ear ly var i et i e s  and 
higher f or l ater one s . . .  Leaf number s  at pani cle i ni ti at i on 
ranged from 3 . 1 l e ave s f or the ear l i e st variety t o  5 . 2  for 
the l ate st . The aver age f or all  varieties  was 4 l e ave s .  
There was not much di f ference between most e ar ly and mi d­
seas on var i e ti e s ,  however ,  at p ani cle i ni t i at i on,  the 
late varieti e s  al l had from one to two more leave s than 
the ear ly and midseason var i et i e s . Thi s me ans when a l l  
varietie s  were i n  the f our leaf stage , the e ar ly one s may 
have alre ady beg an pani c le i ni t i at i on whi le the l at e  one s 
had not . Ros s  al�o reported var i eti e s  do not always beg i n  
pani cle i ni t i at i on i n  the s ame seque nce a s  they he ad . I n  
hi s s tudy, ·an e ar ly var i ety, 6 0  Day, began pani cle i ni t i ­
ati on 2 days after the midseason l i ne I l l . 30- 2 08 8 , yet 
headed 2 days be f ore i t . Thu s ,  maturi ty clas si f i cat i ons 
based on he adi ng date cannot always be applied t o  p ani cle 
i ni t i at i on .  
Ros s ' f i ndi ng s  may explai n many o f  the re su l t s  of 
thi s study . In our study, the l ater maturi ng var i et i e s  
(Moore and Porter ) were cons i stant ly the most t olerant t o  
2 , 4-D ami ne , whi le the three ear l i e s t  varieti e s  ( Nodaway 
7 0 ,  Ke lly and Lancer ) were often the most sus cept ible . 
Thi s i s  accordi ng t o  the effect 2 , 4-D had on the yi e ld 
component s and not s tr i ct ly yi e ld, si nce t i ller i ng can 
alter the e f fect of 2 , 4 - D  on yi e l d .  
5 8  
2 , 4-D i s  a herbi cide whi ch concentrate s i n  are as 
of high rneri stemat i c act ivity .  Once an oat p lant reache s 
pani cle i ni t i at i on, the grow i ng point become s a mer i ste­
mat i c  are a in whi ch 2 , 4 - D  wou ld concentrate . The re f ore , 
those variet i e s  whi ch i ni t i ate p ani cles f i r st should be 
more sus cept ible to 2 , 4 - D  at an ear l i er le af stage . Thi s 
- may be why the e ar ly v ar i et i e s i n  our study were the most 
sus ceptib le , part i cu l ar ly _ at the S �-t o- 6  leaf s t age . 
Conver s e ly, the l ate var i et i e s  were most tolerant . It  ap­
pear s  all var i eti e s ,  except Moore and Porter , began p ani­
cle i ni t i at i on by the S�- t o- 6  le af stage . The e ar ly va­
rietie s ,  whi ch seemed to beg i n  pani cle i ni t i ati on near the 
three-to- four leaf s t age , were the most i nj ured as a r e sult 
of the S �-to- 6 le af treatme nt . Thi s i s  pos sibly due t o  
the i r  pani cle s be i ng more developed than the mi dse ason and 
late varieti e s . As Ros s  ( 2 3 ) rep orted, the e ar ly v ar i et i e s  
began pani cle i ni t i at i on about 2 leaf stage s o r  8 days 
s ooner than the l ate var i eti e s . 
Whi le the e ar ly varieties  were most sus cept ib le , 
and the l ate var i e t i e s  most t olerant to 2 , 4-D ami ne , the 
re sponse of the midseason var i et i e s  var ied . Lance r ,  whi ch 
i s  an ear ly midseason var iety, was the most su s cept ible 
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o f  the midseas on variet i e s , whi le Og le was the mo s t  t o ler­
ant . Ros s  ( 2 3) , reported pani cle i ni t i at i on var i ed up to 
2 days between the midse ason varieti es  i n  hi s s tudy . 
Therefore , i t  may be Lancer i s  re achi ng pani cle i ni t i at i on 
be fore Og le and thus would be more sus ceptible t o  2 , 4-D.  
The the ory that pani cle i ni t i at i on is  the maj or 
determi ning fact or i n  o at toler ance to 2, 4-D may exp l ai n  
cert ai n vi sual i nj ur ie s  i n  thi s study . Pani cle s  w i thi n a 
·2, 4-D tre ated p l ot ranged i n  shape from norma l ,  he althy 
looki ng pani cle s ( s imi lar t o  those i n  the che ck p l ot s ) t o  
very compact pani cles w i th obvi ous seed number redu ct i ons . 
Shands and Ci s ar ( 2 5 ) , reported pani cle i nit i at i on beg i ns 
2 to 4 days later i n  the se cond ti ller than i n  the f i r st . 
It may be the pani cle s  of the l ater ti llers had not i ni t i ­
ated at the time o f  tre atment , whi le the mai n  cu lm and 
pos sibly the f i r st t i l ler had . Thu s ,  the later t i l ler s 
would be i n  a tolerant stage of deve lopment ,  whi le the 
mai n  culm and f i r s t  t i l ler would be i n  a sus cept ib le s t age . 
If thi s i s  the case , i t  would explain why pani c le i nj ury 
var ied wi thi n each p l ot ,  and why plot s tre ated in the 5�­
to- 6  leaf stage had a mu ch higher per cent of comp act 
pani cle s . 
The actual t ime of pani cle i ni t i at i on of e ach va­
r iety re lat ive to the others i s  unknown . The true re lat i on­
ship be tween time of pani cle i ni t i at i on and oat t ole rance 
to 2 , 4-D i s  a l s o  uncert ai n .  A better u nder s tandi ng of 
the se would be gained thr ough further re sear ch comb i ni ng 
oat p l ant di s se ct i on ( s imi lar t o  Ro s s ' ( 2 3) ) , w i th her-
bi cide app l i cat i ons at var i ous leaf stage � . Since the 
60  
number of days from p l anti ng to pani cle ini t i at i on var i e s  
dependi ng o n  day le ngth and temper atur e ,  i t  would be 
de s i rable to t e s t  the var i et i e s  under more than one en-
vi ronmental condi t i on .  I t  wou ld also be advantageou s t o  
i nclude a w i de r ange o f  maturi ty clas s i f i cat i ons and 
pedigrees . 
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Appendix 1 .  Soi l analys i s  from the 1 985  p lot s at the 
Watertown and Brooki ng s locat i ons . _, The s oi l 
wa s  not analyzed at Watertown i n ·  1 98 4 or 
Centervi l le i n  1985 . Samp le depth was 0- 2 0 . 3 
ern ( 0 - 8  i nche s ) � 
Watertown Brooki ngs 
N0
3 -N (ppm )  5 1 2  
NO - N  . 3 ( lbs/A) 7 4
a 2 8  
Organi c matter (%)  2 . 6  3 . 2  
_ Phosphoru s  ( lb s/A) 5 2  1 3 9  
Potas sium ( lb s/A) 3 10 3 9 0  
pH 6 . 5 7 . 1 
1 : 1  Salt s (mmho/cm ) 0 . 2 0 . 7 
a the soi l at Watertown was analyzed as having 9 lbs/A 
N0
3
-N, howeve r  nitrogen ferti li zer was app lied to br i ng 
the N0
3
-N up t o  7 4  lbs/A. 
Appendix 2 .  The climatic conditi ons at time of appli cation of 2 , 4 - D  ami ne and 
MCPA amine for al l locations . 
1 98 4 Watertown 












5/ 1 3/8 5 
5/2 1/8 5 
5/ 1 2/8 5 
Re lative 
Temperature Humi dity 
c % 
1 5 . 6  7 0  
1 0 . 0  7 0  
1 5 . 6 5 0  
















Appendix 3 .  The yie ld (me an gm/p l ot }  of oat variet i e s  treated dur i ng the 
three-to- four leaf s t age with 2 , 4 - D  ami ne and MCPA ami ne . l 
Watert own 1984 
rate 
�kgLha� Burnett Chief  Clint l and 64  Gar land 
0 7 68 a  6 67b 7 1 6b 7 2 2 a  
2 , 4-D 0 . 28  7 7 3 a  67 2b 7 60 a  680 ab 
0 . 5 6 7 8 1a 7 2 3 a  7 6 2 a  7 10 a  
0 . 84 7 1 9b 6 6 9b 7 15b 6 5 4b 
MCPA 0 . 5 6 7 9 4 a  7 0 1 ab 7 5 3 ab 698a 
Watertown 1985 
0 6 2 4 a  5 94 ab 609 a - - -
2,  4-D 0 . 2 8 5 7 7 a  6 1 3 a  609a  - - -
. 0 .  5 6  6 3 0 a  5 97 ab 5 3 1b - - -
0 . 84 5 9 1 a 5 7 0b 5 3 7 ab - - -
MCPA 0 . 5 6 5 9 3 a  6 2 4 a  5 7 7 ab - - -
Ke l ly 
6 5 2 a  
6 2 5 ab 
6 18 ab 
607b 
607b 
1 withi n var iet ies and ye ar s me ans fol lowed by di f ferent letters are s igni f i ­
cant ly .di f ferent when analyzed by Waller-Duncan proceedure . 
0'1 
0'1 
Appendix 3 ( con • t ) . 1 j 
Watertown 198 4 
rate 2 
(ka/ha) Lancer Moore Noble Nodaway . 7 0 Ogle Porter 
0 8 5 6a 8 60b 6 6 3 a  - - - 8 2 9 a  8 5 4 a  
2 , 4-D 0 . 28 808ab 8 6 9b 68 5 a  - - - 8 2 9 a  8 9 9 a  
0 . 5 6 7 9 5b 9 10 a  65 3 a  - - - 8 4 1 a  8 8 8 a  
0 . 84 7 84b 908a  6 2 4 a  --- 8 4 3 a  8 5 2 a  
MCPA 0 . 5 6 8 1 2 ab 8 9 6 ab 6 15 a  --- 8 3 3 a  7 4 3b 
Watertown 198 5  
0 6 4 6 a  7 1 1a 4 9 0 a  6 1 5 a  6 1 9 a  6 4 2 a  
2 , 4-D 0 . 28 6 2 7 ab 7 .2 0 a  5 0 0 a  608a  6 0 5 a 6 1 2 a  
0 . 5 6 5 87bc 7 1 9 a  48 3 a  6 3 0 a  6 3 2 a  6 5 5 a  
0 . 84 5 6 1 c 7 18 a  4 69 a  5 7 3b 6 1 9 a  6 4 9 a  
MCPA 0 . 5 6 5 88bc 7 17 a 5 1 2 a 5 98 ab 6 2 5 a  60 4 a  
1 withi n variet ies  and year s means fol lowed by d i f ferent letter s are s igni f i ­
cant ly di fferent when anal�zed b y  Wal ler-Duncan proceedure .  
2 Nodaway 7 0  p lot s at Watertown i n  1984  were damaged by . ground squ i rre l s . 
0' 
-....] 
Appendix 4 .  The yie ld (mean gm/plot ) of oat varieties ·  tleated duri ng the 5�-to- 6  
leaf stage with 2 , 4-D ami ne and MCPA ami ne . 
Centervi lle 
rate 
(ko/ha) Burnett Chief . Clintl and 64 Ke l ly . 
0 948a 989a 8 7 8 a  9 5 7 a 
2 ,  4-D 0 . 28 7 2 6b 86 1b 7 8 6 ab 7 2 6bc 
0 . 5 6 647b 7 5 1 c 695b 7 38bc 
0 . 84 6.45b 7 18c  599c  679 c  
MCPA 0 . 5 6 889a 9 1 2 ab 8 4 0 a  84 1ab 
Brooki ngs 
0 7 5 2 a  8 1 5 a  7 3 5 a  .8 68 a 
2 ,  4-D 0 . 28 667b 7 2 7bc 7 0 4 a  7 10 c  
0 . 5 6 5 66c 64 1 cd 57 3b 6 4 3d 
0 . 84 5 2 1c 6 1 ld 5 5 7b 5 9  3d 
MCPA 0 . 5 6 7 3 5a  7 8 3 ab 7 4 5 a  808b 
1 withi n varieties and locati ons me ans fol lowed by di fferent letter s are 
s igni fi cantly di fferent when analyzed by the Wal ler-Duncan proceedure . 
�ncer 
9 3 3 a  
8 3 8bc 
8 14 c  
697d 
90 5 ab 
8 9 0 a  
8 2 0b 
7 2 2 c  
6 5 7 d  
8 6 3 ab 
0'1 
00 
Appendix 4 ( con • t ) . 1 
Centervi l le 
r ate 
�kgiha� Moore Noble Nodawa�. 7 0  Qg_k 
0 10 4 0b 9 10 a  9 2 7 a 10 0 4 a  
2 ,  4-D 0 . 28 10 3 9b B 5 9 ab 7 38b 10 0 3 a  
0 . 5 6 10 30b 8 17b 7 0 2b 10 18 a  
0 . 8 4 !O l lb 7 1 6 c  660b 9 2 6b 
MCPA 0 . 5 6 1 1 3 8 a  87 7 ab 8 4 9 a  10 0 9 a  
Brooki n£1.§. 
0 1009a  7 1 4 a  68 2 ab 8 2 5 a 
2 ,  4-D 0 . 2 8 9 2 0bc 67 7 ab 6 3 2b . 8 0 2 ab 
0 . 5 6 90 3bc 584 c 5 4 7 c  7 5 2 ab 
0 . 8 4 87 0 c  4 7 0d 4 8 4 c 7 2 2b 
MCPA 0 . 5 6 96 1 ab 647b 7 15 a  7 9 6 ab 
1 . withi n variet ies  and locat i ons me ans fol lowed by dif ferent lette r s  are 
signi f i cant ly di fferent when analyzed by the Wal ler-Duncan proceedure . 
Porter 
1 0 5 0 a  
990 ab 
9 1 5 ab 
8 4 0b 
98 4 a  
7 5 1 a  
7 95 a  
7 4 6 a 
7 1 3 a  
7 8 9 a  
0\ 
\0 
7 0  
Appendix 5 .  Temperature and pre cip i t �t i on data qt the 
Watertown, Cent�rvi l le and Brooki ngs l qcat i ons 
duri ng the 1 984 and 1985  gr owi ng seasons . 
Apr i l  
Wat ertown May 
June 
July 
Apr i l 
Centervi l le May 
June 
July 
Apr i l  





( F )  
19 8 4  198 5 
4 3 . 8  4 9 . 6 
5 3 . 9  6 1 . 3 
65 . 9  6 2 . 5  
7 1 . 6 7 0 . 1 
5 3 . 0  
6 3 . 5  
66 . 3  
7 1 . 3 
48 . 4  
5 9 . 5 
6 1 . 5 
68 . 3  
Monthly 
Pre c ip i t at i on 
( i nche s )  
19 8 4  
3 . 0 3 
2 . 3 0 
5 . 2 8  
2 . 3 8 
19 8 5  
1 . 99 
1 . 2 7 
1 . 5 4  
3 . 4 2 
4 . 9 3 
5 . 5 3 
4 . 4 2 
0 . 5 4 
2 . 00 
3 . 40 
0 . 9 1  
1 . 5 6 
Appendix 6 .  The ef fect of 2 , 4-D ami ne and MCPA ami ne · on the te st we ight of oat 
vari et ie s tre ated dur i ng the 5�-to- 6 leaf growth stage . 1 
Centervi l le 
rate Burnett Chie f  Clint l and 6 4  Ke l ly Lancer 
{kgiha� TW
2 TW TW TW TW 
0 3 3 . 7 a  3 3 . 9 a 3 4 . 4 a 3 6 . 8 a  3 3 . 8a 
2 , 4-D 0 . 28 3 2 . 0 a 3 3 . 6ab 3 2 . 9b 3 5 . 3 ab 3 3 . 4 a  
0 . 5 6 3 1 . 9a 3 2 . 9abc 3 3 . 1 ab 3 4 . 7bc 3 2 . 6 ab 
0 . 8 4 3 1 . 0 a 3 2 . 4 c  3 2 . 0b 3 3 . 5 c 3 l . 4b 
MCPA 0 . 5 6 3 2 . 3a  3 3 . 6ab 3 3 . 2 ab 3 5 . 2 abc  3 3 . 4 a 
Brooki ngs 
0 3 2 . 3 a  3 3" . 0 ab 3 2 . 4 a  37 . 4 a 3 4 . 2 a  
2 ,  4-D 0 . 28 3 1 . 9ab 3 4 . 0 a 3 3 . 0 a  3 6 . 8 a 3 3 . 2 ab 
0 . 5 6 3 0 . 3b 3 2 . 5 ab 3 1 . 9 a 3 4 . 0b 3 2 . 0 ab 
0 . 84 3 0 . 9ab 3 2 . 1b 3 1 . 3 a 3 3 . 3b 3 1 . 2b 
MCPA 0 . 5 6 3 1 . 3 ab 3 2 . 6 ab 3 2 . 7 a 3 6 . 9 a 3 2 . 7 ab 
1 withi n variet i e s  and l ocati ons me ans followed by d i f fere nt letter s are 
s igni fi cant ly di fferent when analyzed by the Wal ler-Duncan proceedure . 
2 te st we ight (pounds/bushe l )  
....] 
1--' 
Appe-ndix 6 ( con • t )  • 1 
rate Moore 
�kgLha) TW2 
0 3 4 . 9 a 
2 , 4-D 0 . 28 3 3 .  9 ab 
0 . 5 6 3 4 . 3 ab 
0 . 8 4 3 3 . 4b 
MCPA 0 . 5 6 3 4 . 8 a 
0 35 . 4 a  
2 , 4-D 0 . 2 8 35 . 5 a 
0 . 5 6  3 4 . 4 a 
0 . 84 3 4 . 1a 
MCPA 0 . 5 6 3 5 . 6a 
Centervi lle 
Nob le Nodawa� 7 0  Qg_J& 
TW TW TW 
3 3 . 6a  3 5 . 1 a  3 1 . 2 a  
3 3 . 6 ab 3 3 . 9ab 3 0 . 8 ab 
3 3 . 7  a 3 3 . 7  ab 3 0 . 7 ab 
3 1 . 5 c 3 2 . 9b 2 9 . 7 c 
3 2 . 3bc 3 3 . 5 ab 3 0 . 0bc 
Brooki ng_§, 
3 1 . 1 a 3 3 . 5 ab 3 0 . 9ab 
3 1 . 8a 3 4 . 5 a  3 1 . 5 a 
· 30 . 9 a 3 2 . 7  ab 2 9 . 9b 
2 9 . 4 a 3 1 . 0b 3 0 . 6 ab 
30 . 5 a  3 3 . 2 ab 3 0 . 5 ab 
1 withi n varieties  and locat i ons me ans followed by dif ferent letter s are 
s igni f i cant ly dif ferent when analyzed by the Wal ler- Duncan proceedure . 
2 test weight (pounds/bushe l )  
Porter 
TW 
3 3 . 8 a 
3 1 . 2 ab 
3 1 . 9 ab 
2 9 . 9b 
3 1 . 9ab 
3 0 . 9 a  
3 2 . 2 a 
2 9 . 1b 
28 . 0b 
30 . 4 a 
-...,J 
tv 
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Appendi x  7 .  The e f f e ct of 2 , 4-D ami ne and MCPA ami ne on the 
he i ght of oat var i eti e s .  The Watertown locat i on 
in 1 984  and 1 98 5 was tre ated whi le the oat s were 
i n  the 3- to- 4  leaf stage . Centervi l l e  and 
Brookings were treated dur i ng the 5 �- t o- 6 leaf 
s t age . Re su lts  are expre s sed as the di f ference 
in he i ght ( em )  from the controls . 
Watert own 198 4  
2, 4-D (kg/ha )  MCPA 
0 . 2 8 
Burnett - 1 . 0  
Chi ef  0 . 8  
Cli nt l and 6 4  2 . 3 
Gar land 1 . 5  
Ke l ly 
0 . 5 6 
- 0 . 3 
0 . 8 
3 . 0  
3 . 3  
0 . 8 4 0 . 5 6 
- 1 . 0  - 1 . 0  
4 . 3  - 3 . 3  
3 . 0  1 . 0  




Nodaway 7 0  
Ogle 
Porter 
1 . 8  2 . 3  - 0 . 5 - 2 . 0  
2 . 8  4 . 3  3 . 3 1 . 8  
- 1 . 5  0 . 0 - 0 . 5  - 5 . 5  
- 1 . 0  - 0 . 5  0 . 0 - 3 . 8  
- 1 . 3  - 0 . 5  - 0 . 3  - 2 . 8  
0 . 3 0 . 8  1 . 8  -7 . 0  
Burnett 0 . 3 
Chief  3 . 0  
Cl i nt l and 6 4  2 . 0  
Ke l ly 1 . 8  
Lancer 5 . 0  
Moore 1 . 3  
Nob le 5 . 5  
Nodaway 7 0  - 1 . 3  
Og le 1 . 8  
Porter 0 . 5 
Centervi l le 
- 0 . 8  
2 . 8  
0 . 0 
0 . 5 
2 . 5  
3 . 0  
3 . 3 
- 0 . 8  
3 . 5 
0 . 0 
2 . 5  
0 . 5 
0 . 3 
0 . 0 
2 . 0  
1 . 3  
6 . 0  
0 . 0 
2 . 0  
0 . 5 
0 . 8 
2 . 0 
0 . 3 
- 0 . 8  
- 0 . 8  
- 1 . 0  
0 . 8  
-0 . 3 
0 . 3 
- 1 . 5  
Watertown 1985  
2 , 4-D (kg/ha) 
0 . 2 8 0 . 5 6  0 . 8 4 
- 1 . 0  - 0 . 8  - 2 . Q  
- 1 - � - 1 . .8 - 2 . 8  
0 . 3 0 . 0 - 0 . 8  
1 . 5  3 . 8  
MCPA 
0 . 5 6  
- 0 . 8  
- 4 . 5  
2 . 3 
2 . 5  4 . 3 
1 . 5  
3 . 5  
0 . 5 
0 . 3 
1 . 8  
- 3 . 5  
0 . 3 1 . 8  0 . 8 
0 . 0 - 0 . 3  0 . 8  
0 . 5 0 . 8 - 0 . 5  
0 . 8  - 1 . 3  - 0 . 8  
2 . 0  4 . 0  3 . 0  
1 . 0  - 1 . 3  - 2 . 3  
Brooki ngs 
1 . 8  1 . 5  
0 . 0  2 . 0  
1 . 0  1 . 8  
0 . 5 0 . 5 
0 . 0 - 1 . 0  
0 . 8 1 . 3  
1 . 5  3 . 0  
-0 . 5  - 1 . 3  
2 . 5 7 . 3  
2 . 8  3 . 3 
2 . 0  
1 . 3  
2 . 0 
- 2 . 0  
2 . 3 
- 1 . 0  
2 . 3 
0 . 8 
3 . 5  
1 . 3  
1 . 3  
1 . 5  
3 . 3 
- 2 . 0  
- 0 . 5 
- 0 . 5 
1 . 8  
- 0 . 8  
0 . 5 
2 . 0  
7 4  
Appendix 8 .  Crown rus t  readi ngs  of oat varieties  spr ayed 
dur i ng the 5�-to- 6 leaf stage wi th 2 , 4 - D  
ami ne and MCPA ami ne . Ru st readi ng s  are 
expre s sed as the per cent of the oat leff 
sur f ace area covered by ru st pu stule s .  
Burnett 




Clint l and 64  4 
Ke lly 0 
Lancer 4 
Moore 0 
Nob le 1 2 
Nodaway 7 0  4 
Og le 4 
Porter 6 
Average 4 
Burnett 2 4  
Chi ef 1 7 
Cli ntland 64  2 2  
Ke lly 6 
Lancer 20 
Moore 1 1  
Nob le 3 0 
Nodaway 7 0  3 6 
Og le 2 1  
Porter 2 4  
Aver age 2 1 
Centerv i l le 
Rate of 2, 4-D (kg/ha) 
0 . 2 8 0 . 5 6 0 . 8 4 
9 4 3 





1 1  





3 5  
2 4  




3 1  
3 4  
2 5  
1 9  










3 5  
3 2  
3 7 
9 
2 5  
17 
40  
4 4  
2 5  
17 










3 2  
3 4  






2 5  
2 2  
2 7  
1 all di fference s  are nonsi gni fi cant . 
MCPA 
(kg/ha) 












2 4  
1 7 
3 1  
7 
2 0  
1 6 
2 5  
3 9  
2 7  
1 9 
2 3  
7 5  
Appendix 9 .  The e f fe ct of 2 , 4-D ami ne and MCPA ami ne on 
the he adi ng date of oat var i et i e s  spr ay�d 
duri ng the 5 �-to- 6  leaf stage . Re sponse s 
are expr� s se� as the di f ference i n  days from 
the control . 
Brooki ngs 
MCPA 
Rate of 2 �, 4-D �kgLha� �kgLha� 
0 . 2 8 0 . 5 6 0 . 8 4 0 . 5 6 
Burnett 0 . 5 0 . 0  0 . 0 0 . 0 
Chief  0 . 5  0 . 3  0 . 5 0 . 3 
Cli nt l and 6 4  0 . 0 0 . 3 0 . 5 0 . 3 
Kel ly 0 . 0 0 . 3 0 . 5 0 . 5 
Lancer 0 . 8  0 . 3 0 . 5  0 . 0  
Moore 0 . 0 0 . 5  - 0 . 8  0 . 5 
Nob le 0 . 5 0 . 0  - 0 . 3  - 0 . 5  
Nodaway 7 0  0 . 0 0 . 8  0 . 3 0 . 3 
Og le 0 . 8  0 . 5  0 . 8  - 0 . 3  
Porter 0 . 0  1 . 0  1 . 5  0 . 5 
Average 0 . 3 0 . 4 0 . 4 0 . 2  
1 al l di fference s are nons i gni f i cant 
7 6  
Appendix 10 .  The e f f e ct of 2 , 4-D ami ne and MCPA ami ne on t� number of gr ai n produci ng pani cle s per meter of  p l ot ( ti l ler ing )  • .- .Oat s at Watert own were sprayed during the 3-to- 4  le af stage , whi le Br ooki ngs was i n  the 5 �-to- 6  le af stage . 
Watert own 198 4  
MCPA 
Rate of 2�, 4-D �kg:Lha� �kg:Lh a )  
control 0 . 2 8 0 . 5 6 0 . 84 0 . 5 6 
Burnett 1 0 2  1 2 3  1 2 5  1 2 5  1 2 2  Chi ef 69  · 9 1 96  99  99  Cli nt l and 6 4  1 0 3' 1 2 1 1 15 1 0 6  1 1 4 Gar land 1 2 0  98 1 2 0  10 1 1 1 9 Lancer 1 0 6  1 1 5 10 6  1 1 4 1 0 5  · Moore 1 0 2  1 1 3 1 2 0  1 18 1 0 9  Nob le 90 1 1 1  1 1 0 98 99 Nodaway 7 0  1 19 1 1 0 1 1 9 1 1 1  1 2 6  Ogle 1 0 5  1 14 10 7  1 17 1 1 0 Porter 1 0 6  9 5  10 8  97 1 0 4  
Watert own 1985  
Burnett 1 0 5  99  10 5  1 0 9  1 0 6  Chief 98 94 98 1 0 4  98 Cl i nt land 6 4  1 0 5  9 5  10 1  98 98 Ke lly 1 1 2  1 2 2  1 2 2  1 2 2  1 2 3  Lancer 1 1 2 1 19 1.2 1 1 2 3  1 1 4 Moore 1 0 8  1 1 7 10 7  1 14 1 1 3 Nob le 1 1 7 1 0 8  1 1 6 1 1 5 1 1 1  Nodaway 7 0  10 7  1 1 2  1 1 2  1 1 4 1 0 6  Og le 9 7  9 4  9 4  9 4  1 0 1 Porter 9 6  9 6  10 5  9 3  98 
Brooki ngs 
Burnett 1 0 2  1 1 5 106  90  1 1 9 Chi ef  10 3  97 1 07 1 10 1 0 3  Cli nt l and 6 4  9 2  1 0 9  1 1 3 1 1 3 1 2 0  Ke l ly 1 1 5 1 1 5 1 4 1 1 3 0  1 3 6  Lancer 1 2 1 1 2 4  1 5 1 1 3 3  1 0 6  Moore 1 2 3  1 0 8  1 2 4  1 2 5  1 2 2  Noble 1 10 1 0 4  1 2 1  1 1 6- 1 0 3  Nodaway 7 0  1 2 1 1 1 0 1 2 4 1 2 4  1 2 6 Og le 9 6  8 6  . 98 9 5  1 0 8  Porter 97 10 6 1 1 0 1 1 5 1 1 5 
Appendix 1 1 .  Ana lys i s  of  var i ance for al l yie ld dat a at 
a l l  f our locat i ons . 
S our ce of Degree s  of 
Var i at i on Freedom ANOVA SS F Value 
Locat i ons 3 6 3 97 5 8 2 . 2 5 7 17 . 7 9 * *  
Var i et i e s  8 4 3 3 68 3 4 . 3 3 1 8 2 . 4 7 * *  
LxV 2 4  10 1 5 3 4 4 . 7 4 14 . 2 4 * *  
Tre atme nt s  4 1 07 1 5 8 9 . 4 4 90 . 17 * *  
LxT 1 2  7 94 60 9 . 5 6 2 2 . 2 9  * *  
VxT 3 2  3 3 1 9 2 7 . 7 1 3 . 4 9 * *  
7 7  
LxVxT 96  3 18 9 2 1 . 88 1 . 1 2  n . s .  
Rep l i c at i ons 1 2  4 3 805 1 . 6 4 1 2 . 2 9 * *  
VxR 9 6  2 5 6 3 3 3 . 9 1 0 . 90 n . s .  
TxR 48 5 3 0 0 3 2 . 1 1 3 . 7 2  * *  
TOTAL 3 3 5  
Te s t s  of hypothe s e s  u s i ng the ANOVA MS for Rep l i cat i on s  a s  
a n  error term . 
Sour ce DF ANOVA SS F Value 
Locat i ons 3 6 3 97 5 8 2 . 2 5 58 . 4 2 * *  
Te st s o f  hypothe s e s  u s i ng t he ANOVA MS for LxV a s  a n  error 
term . 
Sour ce DF ANOVA SS F Value 
Variet i e s  8 4 3 3 68 3 4 . 3 3 1 2 . 8 1 * *  
Te st s of hypothe s e s  u s i ng the ANOVA MS for VxR a s  a n  error 
t erm. 
Sour ce DF ANOVA SS F Value 
LxV 2 4  10 1 5 3 4 4 . 7 4 1 5 . 8 4 * *  
* * *  s igni f i cant at 5 and 1% leve l ,  respect i ve ly .  , 
n . s .  not s i gni fi c ant ly di f ferent . 
7 8  
Append ix 1 1  ( con • t ) . 
Te sts  of hypothe ses  u s i ng the ANOVA MS for LxT a s  an error 
term .  
Sour ce DF ANOVA SS F Value 
Tre atment s 4 1 0 7 1 58 9 . 4 4 4 . 0 5 * 
Te sts of hypothe s e s  u s i ng the ANOVA MS for TxR a s  an error 
t erm .  
Sour ce DF ANOVA SS F Value 
LxT 1 2  7 9 4 60 9 . 5 6 6 . 00 
Te sts  of hypothe se s u s i ng the ANOVA MS f or LxVxT a s  an 
error term. 
Sour ce DF ANOVA SS F Value 
VxT 3 2 3 3 1 9 2 7 . 7 1 3 . 1 2  
* , * *  s igni f i c ant a t  5 and 1 %  leve l ,  re spe cti ve ly .  
n . s .  not signi f i cant ly di fferent . 
* *  
* *  
Appendix 1 2 . Ana lys i s  of 
at al l fou r  
Sour ce of Degree s of 
Vari at i on Freedom 
Locat i ons  3 
Var i e ti e s  8 
LxV 2 4  
Tre atme nt s 4 
LxT 1 2 
VxT 3 2  
- '  LxVxT 9 6  
Rep l i cat i ons 1 2 
VxR 9 6  
TxR 4 8  
TOTAL 3 3 5  
Te s t s  o f  hypothe s e s  u s i ng 
an error term . 
Sour ce DF 
Locat i ons 3 
Te s t s  of hypothe s e s  u s i ng 
term .  
Sour ce DF 
Var i et i e s  8 
Te sts  of  hypothe s e s  u s i ng 
term . 
Sour ce DF 
LxV 2 4  
v ar i ance f or 
locat i ons . 
AN OVA ss 
5 9 2 2 2 . 0 2 
3 4 2 1 2 . 8 9 
2 4 4 10 . 4 7 
8 2 98 . 1 9 
4 8 7 0 . 89 
1 6 1 4 . 9 1 
3 1 89 . 1 1  
6 3 1 2 . 2 8 
2 5 18 . 9 2 
1 5 60 7 . 0 5 
the ANOVA MS 
ANOVA SS 
5 9 2 2 2 . 0 3 
the ANOVA MS 
ANOVA S S  
3 4 2 1 2 . 8 9 
�he ANOVA MS 
AN OVA s s  
2 4 4 10 . 4 7 
7 9  
a l l  te st  we ight dat a 
F Value 
5 0 9 . 3 6 * *  
1 10 . 3 5  * *  
2 6 . 2 4  * *  
5 3 . 5 3  * *  
10 . 4 7 * *  
1 . 3 0 n . s .  
0 . 8 6 n . s .  
1 3 . 5 7 * *  
0 . 68 n . s .  
8 . 3 9  * *  
for Rep l i c at i ons as 
F Value 
37 . 5 3 
f or LxV a s  
F Value 
4 . 2 0 
f or VxR a s  
F Value 
3 8 . 7 5 
* *  
a n  err or 
* *  
an error 
* *  
* ,  * *  s i g ni fi cant at 5 and 1% leve l ,  re spect ive l y .  
n . s .  not s ig ni f i c ant ly di f ferent . 
80 
Appendi x  12 ( con • t ) . 
Te s t s  of hypothe s e s  u s i ng the ANOVA MS f or LxT a s  an  error 
term . 
Sour ce DF ANOVA SS F Value 
Tre atme nt s  4 8 2 98 . 1 9 5 . 1 1  * *  
Te s t s  of hyPothe s e s  u s i ng the ANOVA MS for TxR a s  an error 
term .  
Sour ce DF ANOVA MS F Value 
LxT 1 2  4 8 7 0 . 8 9 1 . 2 5 
Te s t s  of hypothe s e s u s i ng the ANOVA MS for VxTxR a s  an 
error term .  
Sour ce DF ANOVA MS F Valu e 
VxT 3 2  1 6 14 . 9 1 1 . 5 2 
* , * * s igni f i cant at 5 and 1% leve l ,  re spe ct i ve ly .  
n . s .  not s igni f i cant l y  di f ferent . 
n . s .  
n . s .  
8 1  
Appendix 1 3 .  Analys i s  of var i ance for all lodg i ng data at 
al l four l ocat i ons . 
Sour ce of Degree s of 
Var i at i on Freedom ANOVA SS F Value 
Locat i ons 3 8 0 5 8 1 . 37 2 0 6 . 3 7 * *  
Varietie s 8 7 8 2 9 1 . 8 9 7 5 . 1 9 * *  
LxV 2 4  3 7 9 62 . 1 2 1 2 . 1 5 * *  
Tre atment s  4 5 1 608 . 3 1  99 . 1 3 * '* 
LxT 1 2  2 9 5 7 6 . 2 2  18 . 9 4 * *  
VxT 3 2  1 4 3 1 5 . 9 1 3 . 4 4 * *  
LxVxT 9 6  2 3 04 6 . 3 5 1 . 84 * *  
Repli cat i ons 12 5 0 4 7 . 88 3 . 2 3 * *  
VxR 9 6  1 2 7 2 7 . 3 7 1 . 0 2 n . s .  
TxR 4 8  2 6 5 94 . 7 6 4 . 2 6 * *  
TOTAL 3 3 5  
Te sts of hypothe se s u s i ng the ANOVA MS for Rep l i cat i ons as 
an err or te rm .  
Source DF ANOVA SS F Value 
Loc ati ons 3 8 0 5 8 1 . 3 7 6 3 . 8 5 * *  
Te s t s  o f  hypothe ses u s i ng the ANOVA MS for LxV as an error 
term . 
Sour ce DF ANOVA SS 
Varieties 8 7 8 2 9 1 . 8 9 
Te s t s  o f  hypothe s e s  u s i ng the AN OVA 
t e nn .  
Sour ce DF ANOVA SS 
LxV 2 4  3 7 962 . 1 2 
* * *  signi f i cant at 5 and 1% leve l ,  , 
n . s .  not s igni fi cant ly di f ferent . 
MS for 
F Value 
VxR as  
F Value 
1 1 . 9 3 
respe ctive l y .  
* *  
an error 
* *  
Appendix 1 3 { con • t ) . 
Te s t s  of hypothe se s u s i ng the ANOVA MS for LxT as an err or 
term .  
Sour ce DF ANOVA SS F Valu e 
Treatments 4 5 1 608 . 3 1 5 . 2 3 * *  
Te sts  of hypothe s e s  u s i ng the ANOVA MS for TxR as  an error 
term . 
Sour ce DF ANOVA SS F Va lue 
LxT 1 2 2 95 7 6 . 2 2  4 . 4 5 
Te st s of hypothe s e s  u si ng the ANOVA MS for LxVxT as an 
error term . 
Source DF ANOVA S S  F Value 
VxT 
* * *  
, 
n . s .  
3 2  1 4 3 15 . 9 1 1 .  8 6  
signi fi cant at 5 and 1% leve l ,  respect ive ly . 
not s igni fi cant ly di f ferent . 
* *  
* *  
82 
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Appendix 1 4 .  Analys i s  of vari ance for the number of seeds 
per p ani c le at. Watert own i n  1 9 8 5 . 
Sour ce of Degree s of 
Vari at i on Freedom ANOVA SS F Value 
Var i e t i e s  9 1 4 5 6 9 3 . 3 6 1 3 2 . 1 3 * *  
Tre atment s 4 1 2 9 1 3 . 2 2 2 6 . 3 5 * *  
VxT 3 6  1 987 9 . 4 0 4 . 5 1  * *  
Rep l i c at i ons 3 6 6 3 5 . 8 2 1 8 . 0 5 * *  
VxR 2 7 1 5 0 3 1 . 6 6 4 . 5 4 * *  
TxR 1 2  7 6 68 . 8 3 5 . 2 2 * *  
VxTxR 1 0 8  3 8 5 5 2 . 5 2 2 . 9 1 * *  
TOTAL 1 9 9  
Te s t s  o f  hyp othe s e s  u s i ng the ANOVA MS for VxR as  a n  error 
term .  
Sour ce DF ANOVA SS F Value 
Var i eti e s  9 1 4 5 69 3 . 3 6 2 9 . 08 * *  
Te s t s  o f  hypothe s e s  u s i ng the ANOVA MS for TxR as an error 
term . 
Sour ce DF ANOVA SS F Value 
Treatment s  4 1 2 9 1 3 . 2 2 5 . 0 5 * *  
Te s t s  o f  hypothe s e s  u s i ng the ANOVA MS for VxTxR a s  an 
error term.  
Sour ce DF AN OVA F Value 
VxT 3 6  19 8 7 9 . 4 0 1 . 5 5 
* , * *  s igni f i cant at 5 and 1% leve l ,  re spective ly.  
n . s . not signi fi cant ly di f ferent . 
* 
Appendi x 1 5 . Analys i s  of var i ance for the 10 0 0  kerne l  
weight of oat s  at Watertown i n  1 9 8 5 . 
Sour ce of Degree s o£ 
Vari at i on Freedom ANOVA SS F Value 
Varieties  9 1 . 5 17 2  1 4 . 5 4 
Treatment s 4 0 . 3 1 97  6 . 8 9 
VxT 3 6 · 0 . 5 0 6 9  1 . 2 1  
Rep l i cati ons 3 0 . 0 4 3 9  1 . 2 6 
VxR 2 7  0 . 3 7 48 1 . 2 0 
TxR ___1£_ 1 . 2 87 2  9 . 2 5 
TOTAL 9 1 
8 4  
* *  
* *  
n . s .  
n . s .  
n . s .  
* *  
Te sts  of hypothe s e s  us i ng the ANOVA . MS for VxR a s  an error 
term • . 
Sour ce DF ANOVA SS F Valu e 
Var ie t i e s  9 1 . 5 17 2 1 2 . 1 4 * *  
Te st s of hypothe s e s  u s i ng the ANOVA MS for TxR as an error 
term .  
Sour ce DF ANOVA SS F Value 
Tre atments 4 0 . 3 1 97 0 . 7 5 
* , * *  si gni f i cant at 5 and 1% leve l ,  respe ct i ve l y .  
n . s .  not s igni f i cant ly di f ferent . 
n . s .  
8 5  
Appe ndix 1 6 .  Analys i s  of vari ance for the number o f  seeds 
per p ani cle at Watertown i n  1 98 4 . 
Sour ce of Degrees of 
Vari at i on Freedom ANOVA SS F Value 
Varieti e s  9 1 0 3 1 3 3 . 4 2 1 1 5 . 66 * *  
Tre atment s  4 1 7 5 0 6 . 17 4 4 . 17 * *  
VxT 3 6  1 3 8 9 2 . 5 9 3 . 8 9 * *  
Rep l i cat i ons 3 6 4 9 4 . 85 2 1 . 8 5 * *  
VxR 2 7  10 3 9 2 . 2 9 3 . 88 * *  
TxR 1 2  5 97 2 . 4 2 5 . 0 2 * *  
VxTxR 1 0 8  3 1 9 38 . 0 2 2 . 98 * *  
TOTAL 1 9 9  
Te sts  of hypothe s e s  u s i ng the ANOVA MS for VxR a s  a n  error 
term . 
Sour ce DF ANOVA SS F Value 
Variet i e s  9 10 3 1 3 3 . 4 2 2 9 . 7 7 * *  
Te sts  of hypothe s e s  u s i ng the ANOVA MS for TxR a s  an err or 
term. 
Sour ce DF ANOVA SS F Value 
Tre atment s 4 17 5 0 6 . 17 8 . 7 9 
Te sts  of hypothe se s  u s i ng the ANOVA MS f or VxTxR a s  an 
error term . 
Source DF ANOVA SS F Value 
VxT 3 6  1 3 8 9 2 . 5 9 1 . 3 0 
* , * *  s i gni fi cant at 5 and 1% leve l ,  re spect i ve ly .  
n . s .  not s i gni f i cant ly di f ferent . 
* *  
n . s �  
Appe ndi x  1 7 . Analys i s  of var i ance for the 1 000  ker ne l  
we ight of oat s  at Watertown i n  1 98 4 . 
Source of Degree s of 
Vari at i on Freedom ANOVA SS F Value 
Var i e t i e s  9 9 . 6 5 9 9  1 1 9 . 5 6 
Treatme nt s  4 0 . 1 2 3 7 3 . 4 5 
VxT 3 6  0 . 4 18 5  1 . 3 0 
Rep l i cat i ons 3 0 . 2 3 4 8  8 . 7 2 
VxR 2 7  0 . 3 3 5 6  1 . 3 8 
TxR 1 2  0 . 2 8 2 3  2 . 6 2 
TOTAL 9 1  
8 6  
* *  
* *  
n . s .  
* *  
n . s .  
* *  
Te sts o f  hypothe se s us i ng the ANOVA MS for VxR a s  a n  error 
term. 
Sour ce DF ANOVA SS F Value 
Var iet i e s 9 9 . 6 5 9 9  86 . 3 5 * *  
Te s t s  o f  hypothe s e s  u s i ng the ANOVA MS f or TxR a s  a n  error 
term. 
Sour ce DF ANOVA SS F Value 
Tre atment s  4 0 . 1 2 3 7  1 . 3 2 
* 1 * *  signi f i cant at 5 and 1% leve l,  respe cti ve ly . 
n . s .  not s igni f i cant ly di fferent . 
n . s .  
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Appendi x 18 .  Analysi s  of var i ance for the number of seeds 
per p ani cle at Centervi l le i n  1 9 8 5 . 
· Source of Degre e s  o f  
Var i at i on Freedom ANOVA SS F Value 
Varieties  9 2 5 7 7 5 5 . 4 7 2 5 3 . 2 7 * *  
Tre atment s  4 7 2 0 7 3 . 2 9 1 5 9 . 3 5 * *  
Vx-T 3 6  1 9409 . 9 3 4 . 7 7 * *  
Rep l i cati ons 3 10 5 0 . 0 9 3 . 10 * 
VxR 2 7  1 6 287 . 2 5 5 . 3 3 * *  
TxR 1 2  1 09 1 3 . 0 2 8 . 0 4 * *  
VxTxR 1 08 2 87 3 9 . 2 6 2 . 3 5 * *  
TOTAL 1 99 
Te sts  of hypothe s e s  u s i ng the ANOVA MS for VxR as  an error 
term .  
Sour ce DF ANOVA SS F Value 
Var i et i e s  9 2 5 7 7 5 5 . 4 7 4 7 . 4 8 * *  
Te st s of hypothe se s u s i ng the ANOVA MS for TxR as an error 
term . 
Sour ce DF ANOVA SS F Value 
Tre atment s  4 7 2 07 3 . 2 9 1 9 . 8 1 * *  
Te sts o f  hypothe s e s  u s i ng the ANOVA MS for VxTxR a s  an 
error term . 
Source DF ANOVA SS F Value 
VxT 3 6  19 4 0 9 . 9 3 2 . 0 3 
* , * *  s igni f i cant at 5 and 1% leve l ,  re spect i ve ly .  
n . s .  not signi f i cant ly di f ferent . 
* *  
Appendix 1 9 .  Analys i s  of vari ance for the 10 0 0  kerne l 
we i ght s of oat s  at Ce ntervi l le i n  1 9 8 5 . 
Sour ce of Degree s of 
Vari at i on Freedom ANOVA SS F Value 
Var ieties  9 2 . 5 99 6  1 3 . 6 3 * *  
Tre atment s 4 0 . 17 7 1 2 . 0 9 n . s .  
VxT 3 6  1 . 2 0 7 2 1 . 58 * 
Rep li cati ons 3 2 . 3 3 3 5  3 6 . 7 0  * *  
VxR 2 7  0 . 6 1 2 4  1 . 07 n . s .  
TxR 1 2 1 . 2 9 1 1  5 . 08 * *  
TOTAL 9 1 
88 
Te sts  of hypothe ses  u s i ng the ANOVA MS for VxR as  an error 
term . 
Sour ce DF ANOVA SS F Value 
Varieties  9 2 . 5 9 9 7  1 2 . 7 3 * *  
Te st s o f  hypothe ses  u s i ng the ANOVA MS f or TxR a s  an error 
term . 
Sour ce DF ANOVA SS F Value 
Treatment s 4 0 .  17 7 1 0 . 4 1 
* , * * s i gni f i cant at 5 and 1% leve l,  re spective ly .  
n . s .  not s i gni f i cant ly di f ferent . 
n . s .  
8 9  
Appendix 2 0 . Analys i s  of var i ance for the number of seed s 
per p ani c le at Brooki ng s i n  1 9 8 5 . 
Source of Degrees of 
Var i at i on Freedom ANOVA SS 
Variet i e s  9 6 3 8 9 4 0 4 . 3 2 
Tre atme nt s  4 2 0 7 7 5 1 2 . 5 7  
VxT 3 6  7 2 0 68 2 . 7 3 
Repli cat i ons 3 1 2 7 67 4 . 3 6 
VxR 2 7  1 4 4 0 4 4 . 8 4 
TxR 1 2  4 4 5 5 5 8 . 5 9 
VxTxR 1 0 8  7 6 1 1 2 7 . 7 1  
TOTAL 1 9 9 · 
Te st s of hypothe ses  u s i ng the ANOVA MS for VxR as an error 
term .  
Sour ce DF ANOVA SS F Value 
Variet i e s  9 6 3 8 9 4 0 4 . 3 2 1 3 3 . 0 7 * *  
Te sts  o f  hypothe ses  using the ANOVA MS for TxR as  an error 
term .  
Sour ce DF ANOVA SS F Value 
Treatment s  4 2 0 7 7 5 1 2 . 5 7 1 3 . 99 
Te sts  of hyp othe se s  u s i ng the ANOVA MS f or VxTxR as an 
error term . 
Sour ce DF ANOVA SS F Value 
VxT 3 6  7 2 0 68 2 . 7 3 2 . 8 4 
* ,  * *  s igni fi cant at 5 and 1% leve l ,  respe ct i ve ly .  
n . s .  not s igni f i cant ly di f ferent . 
* *  
* *  
